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IV .  Summary  o£  Results 

Seventy  sev^cn  new  aminoalcohols ,  chiefly  of  the  4-quinoline 
type,  were  synthesized,  following  older  leads  and  in  exploration 
of  new  ones  (List,  p.  70  ).  The  hope  was  to  eliminate  the  photo¬ 
toxicity  then  supposed  to  be  assiciated  with  nuclear  through- 
conjugation  of  the  2-ary lquinoline  ring  system  However,  the 
highly  curative  compound  _1  made  during  World  War  II  by  the  Virginia 
group,  despite  its  phototoxicity  in  animals,  was  chosen  by  WRAIR 
for  clinical  study  in  man  where  it  proved  highly  successful  both 
as  prophylactic  and  cure  for  several  strains  of  P  falciparum, 
with  phototoxicity  inconsequential. 


Part  1.  Nineteen  new  2-aryl-4-quinoline  aminoalcohols,  analogs 
of  l ,  proved  highly  active  and  curative  against  P  berghei ,  but 
they  were  phototoxic  in  animals.  Attempted  synthesis  of  2-penta- 
fluoro  analogs  was  not  completed  (p.  16).  Five  new  analogs  with¬ 
out  the  2-aryl  were  ineffective  (p  6  ). 


Highly  curative  in 
animals  and  man; 
phototoxic  in  animals 
but  not  in  man. 


2 

Moderately  active; 
phototoxic  in 
animals . 


Highly  curative 
and  non-phototoxic, 
both  in  animals 
and  man 


Part  2.  Ten  derivatives  in  which  the  2-aryl  was  replaced  by  2-CF3 
TJX  showed  moderate  antimalarial  activities  but  were  phototoxic  in 
animals  (p  17  ) .  Four  bis-CF3  analogs  (of  3)  were  highly  curative 
of  P  berghei  and  non-phototoxic  in  animals;  and  clinical  trials  of 
the  2,8-bis-CF3  compound  3^  in  man  have  proved  highly  successful 
(p.  20  ). 

Part  3.  Shifting  the  aminoalcohol  chain  from  quinoline  position-4 
to  3  was  ineffective  in  eight  compounds  (j4)  without  a  2-aryl  group 
(and  also  in  six  2-aryl  analogs  made  by  the  Monsanto  Research  Corp. 
group  under  P  F.  Donovan  and  W.  R.  Smith)  (p.23). 

Part  4.  Twelve  quinoline  isosteres,  6-benzothiazole  aminoalcohols 
5,  proved  ineffective  against  P  berghei  in  mice  (p  30). 


! 
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Inactive 


Part  5.  Twelve  4-quinoline  aminoalcohols  carrying  2-£-substituted- 
phenoxy  (analogs  of  (3)  were  made,  and  also  2- (N-£-chloro-anilino) 
analogs,  hoping  that  interruption  of  the  2-phenylquinoline  conju¬ 
gation  by  the  heteroelement  and  conversion  to  a  forked  conjugated 
system  would  eliminate  phototoxicity  without  impairment  of  anti- 
malarial  activity.  However,  the  five  that  were  tested  were  photo¬ 
toxic.  The  very  high  curativity  of  the  6 ,8-dichloro-2- (£-chloro-,, 
phenoxy)  compound  (6)  was  comparable  with  that  of  _1,  with  high  / (, 
probability  that  (as  with  l)  the  animal  phototoxicity  would  notx  ^ 
carry  over  into  man. (p.  33j. 


Highly  curative; 
phototoxic  in  animals 


Cl  \ 

I  X 

Highly  curative; 
phototoxic  in  animals 


Part  6.  Four  2-aryl-quinoline  aminoalcohols  carrying  Cl,  Br,  F, 
or  O-Me  in  the  3-position  were  synthesised  in  the  hope  that  steric 
interference  with  the  nuclear  planarity  and  through  conjugation 
would  lower  phototoxicity  without  detriment  to  antimalarial  cura¬ 
tivity.  Three  of  these  with  favorable  6 ,8 ,4 1 -trisubstitution 
showed  high  curativity  toward  P.  berghei  but  were  phototoxic.  The 
most  active  compound  was  the  6 ,8 ,4' -trichloro-3-f luoro  compound 
l_t  and  it  appears  very  unlikely  that  its  animal  phtotoxicity 
would  carry  over  into  man  and  inhibit  usefulness  (p.372). 

Earlier  work  begun  under  the  Office  of  Ordinance  Research  offered 
a  possible  route  to  3-substituted  2-aryl  quinolines  starting  from 
suitably  substituted  cis-chalcones .  With  partial  support  from 
National  Science  Foundation  grants  to  REL,  and  encouraged  by  possi¬ 
ble  usefulness  here,  this  work  was  completed. (p .  50). 


Part  7.  The  6 ,8-dichloro-4-quinoline  aminoalcohol  with  a  2,3- 
•trimethylene  fused  ring^  8 ,  proved  to  he  moderately  active  and  non¬ 
phototoxic  in  animals  (p.  55).  A  unique  6,8-dimethyl  analog  of 
this,  the  last  compound  made  under  the  contract,  is  a  2-vinylogof 
2-ary  1-4-quinoline  aminoalcohols ,  which  carries  a  £-chlorostyry 1 
group  developed  at  the  quinoline  position-2  and  extruding  as  a 
part  of  the  rigid  2,3-tricarbon  fused  ring.  This  was  highly 
curative  in  spite  of  the  relatively  poor  auxopharmocophoric 
quality  of  the  6,8-dimethyls  (as  compared  with  6,8-dichloro 
of  the  primary  target  analog,  the  synthesis  of  which  was  not 
completed^0 ) .  It  was  non-phototoxic  in  animals  and  was  chosen 
for  clinical  trials  on  man  (a  project  now  shelved)  (p.57),  A 
sample  of  the  simpler  2-styril  analog  10  without  the  2 ,3-tricarbon 
fused  ring  has  since  been  made  (197^)  and  submitted  to  WRAIR  for  test. 


Moderately  active;  Highly  curative; 

phototoxic  in  non-phototoxic  in 

animals.  animals. 
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Port  1 .  4-quino Lina  AroinoalcohoLs  with  an J  without  2 -Aryl. 


Communication  to  the  Editor 

Reprinted  from  the  JOURNAL  OK  HETEROCYCLIC  CHEMISTRY.  4,  459  (1967). 
Department  of  Chemistry,  University  of  Virginia 

Pyridyl  Ketones  by  Addition  of  Pyridyllithium  to  Carboxylic  Acids. 
A  New  Synthesis  of  a-(2-PiperidyI)-2-aryl‘4-qninolineinethanoLs  (1) 

D.  IB.  Boykin,  A.  R.  Patel ,  R.  E.  Lutz>  and  A.  Burger 

Antimalarialso  X. 


Sir: 

Resurgence  of  the  malaria  problem  led  us  to  synthesize 
a  number  of  the  title  compounds,  a  type  which  had  pre¬ 
viously  hecn  made  by  a  cumbersome  6-step  synthesis  from 
the  corresponding  quinoline-4-carboxylic  acids  (2).  We 
now  report  a  new  and  more  convenient  2-step  synthesis  by 
which  wc  have  made  fifteen  a-(2-piperidyl)-2-aryl-quino- 
linemethanols  in  the  6-methyl,  8-methyl,  6,8-dimethyl 
and  8-trifluoromethyl  s'ries  (c/.  III).  Also,  by  a  variant 
in  the  second  step,  we  have  made  twenty  a-(2-pyridyl) 
analogs  of  type  IV  which  represent  a  new  class  of 
potential  synthetic  medicinats,  but  w’  ich  appear  to  be 
inactive  toward  malaria  (lb). 

In  the  example  illustrated  below  the  first  step  involves 
conversion  of  2-p-tolylquinolinc-4*carboxylic  acid  (I)  by  2- 
pyridyllithium  into  2-pvridyl  ketone  II.  This  reaction  re¬ 
presents  the  first  pyridyl  ketone  synthesis  hy  addition  of 
a-pyridyllithium  to  a  carboxylic  acid.  The  second  step  in 
the  synthesis  is  controlled  reduction  of  II.  Catalytic  hydro¬ 
genation  specifically  reduces  the  carbonyl  and  pyridyl 
groups  and  gives  a-pipcridylquinolinemethanol  III;  where¬ 
as,  sodium  borohydride  reduces  only  the  carbonyl  group 
of  II  and  gives  the  a-(2-pyridyl)quinolinemethanoi  IV. 
These  reactions  should  find  wide  application  in  the  alka¬ 
loid  and  synthetic  medicinal  fields. 

Addition  of  2  moles  of  a-pyridyllithium  (3)  at  -60°  to 
acid  I  followed  by  hydrolysis  gave  pyridyl  ketone  II;  60%; 


m.p.  142-143°  (4,5).  The  structure  is  supported  by: 
v  max  (KBr),  1670  enf 1  (C=0);  A  max  (EtOII),  268,  344 
m (jl  (2-arylquinoiine  type);  nnir  (dcutcriochloroform),  111 
signal  at  1.3  r  characteristic  of  pyridine  a-hydrogens. 

Hydrogenation  with  platinum  oxide  of  ketone  II  at  45 
psi  in  ethanol  containing  2  moles  of  hydrochloric  acid, 
rtduced  the  carbonyl  and  pyridyl  groups,  but  not  the 
quinoline  nucleus.  Only  one  of  the  two  possible  diastereo- 
isomerica-(2-piperidyI)(|uinolincme;hanols  III  was  isolated; 

56%;  m.p.  214-216°  (4);  X  max  (EtOJI),  267,  330,  339 
mgt,  v  max  (KBr),  ca.  3300  cm"1 ;  2550-2750  cm"1;  nmr 
(dcutcriochloroform),  no  signal  at  1.3  r,  111  doublet  at  4.6  r 
assignable  to  carbino)  a-H,  broad  311  and  61 J  inultiplets  at 
6.5  and  8.4  r,  assigned  to  a-piperidyl  and  to  /5-  and 
7-piperidyl  protons,  respectively.  The  structure  111  was 
verified  by  infrared  identity  and  mmp  with  a  sample 
synthesized  from  1  by  the  old  route  (2). 

Reduction  of  only  the  carbonyl  group  of  the  2-pyrtdyl 
ketone  II  by  sodium  borohydride  afforded  a-(2-pyridyl)- 
quinolincmctiiauoi  IV;  90%:  m.p.  176-177.5°  (4);  v  max 
(KBr),  3200  cm"1;  X  max  (EtOII),  268, 329, 339  mji;  nmr 
(dcutcriochloroform),  1.4  r,  4.5  r  (III  signals). 
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2*ary  14-quinolmeine  thanoK  ( 2d ). 
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Anlixnalarials.  IV,1  A  Nnv  Synlhcsis  of  «-(2-Iiyric!yl)-  and 
a-(2-Piperidyl)-2-aryl-4-c|uinolincmcthanois 

D.  \V.  Boykin,  Ju.,  A.  U.  Patel,  and  R.  E.  Lutz 

Cobb  Chemical  Laboratory,  University  of  Virginia,  Charlottesville,  Virginia  22901 
Received  November  14,  1907 

New  convenient  syntheses  of  a-f  2-pyrulyl)-  and  «-(*J-pipeiidylVJ-aryl-4-t|iiitmrmefiu-th:inols  are  reported. 
The  key  steps  involve  addition  of  pyridyllit  hium  to  (pmiolinc-4-carboxyiic  aeids  and  subset pieui.  one-step  selective 
catalytic  S  II  hydrogenation  of  t Ho  ketopyridyl  system  to  l he  nr-pi peril Ivl methanol.  All  of  the  «-pipcridyl- 
methanols  were  highly  active  against  Ctasmoiliu/n  berghei  in  mice  but  were  photo  toxic,  whereiw  the  a-pyridyl 
analogs  were  considerably  less  pholotoxic  but  were  inactive. 


This  work  is  an  extension  of  investigations  carried  out 
during  the  World  War  II  antimalarial  effort.2  Earlier 
results  had  shown  that  4-quinolylamino  alcohols, 
particularly  with  a  2-arvl  substituent  as  a  deterrent  to 
metabolic  inactivation,3  possessed  considerable  anti- 
plasmodial  activity  against  avian  infections.2,4,5 

a-Pyridyl- and  a*Piperidylquinolinemethanols.— In  a 
recent  preliminary  communication111  we  have  reported 
new  syntheses  for  the  title  compounds.  We  now  de¬ 
scribe  the  details  of  the  methods  in  full  and  report  the 
antiplasmodiul  properties  of  these  compounds. 

The  previous  method  for  preparing  a-pipcridvl- 
quinolincmethanols  was  a  tedious  and  cumbersome 
six-step  synthesis  starting  from  quinoline-4-carboNylic 
acids.4  The  new  synthesis  which  wc  have  developed 
is  a  convenient  two-stop  process  which  also  starts  from 
quinoIinc-4-carboxyIic  acid  (sec  Scheme  I).  The 
initial  step  involves  conversion  of  the  quinoHne-4- 
carboxylic  acid  (I)  by  2-pyridyilithium  into  the  2- 
pyridyl  ketone  II  (Table  I).  The  second  step  is  the 
selective  reduction  of  the  2-pyridyI  and  carbonyl 
groups  of  II  by  hydrogenation  in  acid  solution  over 
PtO-  which  produces  the  t*-piporidylquiholin<Mnetlui- 
nols  (III)  (Table  III).  Recent  reports  of  similar  cata¬ 
lytic  reductions  include  the  selective  reduction  of  the 
pyridine  nucleus  in  2-(2-pyridyI)-l,2riiiarylalkanols6 


(1)  (a)  Part  t:  f>.  \V.  Hoy  kin.  Jr.,  A.  11.  Paid.  II.  E.  LuU,  and  A.  Burner. 
J.  Hf.eroeyc l.  Chem  ,  4,  I5(»  (U*ri7).  00  Part  III:  A.  Burner  and  S.  N. 

Sawhnev.  J.  Cltem.,  11,  270  (BIOS),  (c)  Supported  by  U.  S.  Army 

Mediral  Itrvearrli  mid  Development  Command,  Contrirt  No.  L>A-4tt-ll»A- 
MP-2WA5.  <\.n»nbiili«n  No.  .(11  n»  fhp  Army  Hr<»p*rrh  Four  ram  on 
Malaria  (Part  I.  No.  A.  Burner  and  R.  E.  LuU  co-in veatina torn. 

II.  E.  I.ul*.  ft  ill,,  J.  Am.  C’lifm.  Snr.,  68,  I8M  (ItMO). 

CO  tt.  T.  William*,  "Detoxication  Mechanism*,"  John  Wiley  and  Sons. 
Inc.,  New  York.  N.  Y.,  P.t.llt.  p 

(*)  A,  I>.  Ainley  an. I  II.  King,  /*ow.  Huy.  Sue.  (London),  B It 8,  nfl 
rid  M.  M.  Kapport.  A.  K.  Senear  J.  F.  Mend,  and  J.  U.  Koepfli,  J.  Am. 
L'hrm.  Suk.,  48,  Jo'.)7  (Iwtrti;  (c)  H.  F.  Brown.  .1  «!.,  thn/..  68.  2705  (UlUi). 

CB  K.  Y.  U  ixelonif.  'A  Survey  of  Antimalarial  Druira,  if#4l-!tf  J5,M 
J.  W.  Edward*.  Ann  Arbor.  Mich.,  1910. 

0>)  J.  H  Burckhaltvf.  W.  I>.  Dixon,  M.  I..  Black,  H.  |>.  Weatland,  I.,  M, 
Warbel,  H.  A.  De\\  aid,  J.  U.  Dice,  G.  Hoduey,  and  D.  II.  Kaump,  J.  MiU. 
Chtm  .  10.  5W  (1907). 


Scheme  I 


iind  reduciion  of  the  pyridine  portion  of  a  quinoline  ring 
system.7 

In  the  conversion  II  — ►  III.  the  selectivity  of  reduc¬ 
tion  presumably  arises  from  selective  prof  Dilution  of  the 
a-pyridyl  ring  which  enhances  the  susceptibility  of  that 
ring  toward  reduction.  The  presumption  of  preferential 
protonatiou  of  the  a-pyridyl  ring  is  based  upon  stcrie 
considerations.  Indeed,  the  hydro  bromides  of  many 
2,8-disubstituled  quinolines  cannot  be  obtained,  pre¬ 
sumably  because  of  this  effect,2  which  demonstrates 
the  sensitivity  of  protonation  to  stone  effects  by  sub¬ 
stituents  adjacent  to  the  ring  nitrogen.  The  reduction 
of  II  probably  proceeds  stepwise,  iirst.  by  reduelim  of 
the  carbonyl  group  which  is  in  conjugation  with  the 
imino  groups  of  the  pvridyl  and  quinolyl  rings,  followed 
by  preferential  reduction  of  the  pyridvl  ring.  III  sup- 

(7)  i.  G.  Cannon,  S.  A.  [.atari*,  and  T.  A.  Wunderlich.  J.  Net  true  #<7. 
Chtm..  4,  250  (1907). 
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2>P*.  :unw.  2-Au\  i.-4-i»i  in«u<\i.  K».Tf>sf.S  tl!  t 


No. 

It 

It' 

it" 

M|».  ®C 

Yield, 

Formula 

Aoalyitt 

1 

on. 

cn, 

H 

143-145 

76 

C:,H„N\0 

an 

2 

cn, 

cn, 

cn. 

114-145 

SI 

C?1H:oN:n 

a  n 

3 

CII, 

CII, 

ocn. 

1 10-147 

us 

>: 

a  H 

4> 

CII, 

CII, 

Cl 

175-170 

65 

C?,H|,CIX;0 

a  n 

5 

cn, 

cn. 

F 

J4U.5-142 

02 

<  «HiiFNV> 

Cf  H 

6 

h 

CF, 

11 

145-146. 5 

72 

CmIImFAV) 

C,e  H 

7 

ii 

CF, 

CII, 

102.5-163.5 

74 

C  ;,1 1  jsl'  ,XjO 

a  h 

$ 

h 

CF, 

ocn, 

102-163 

66 

I  2,1 1 Ijl*  ,N *0; 

C,  II 

9 

H 

CF, 

Cl 

192-193 

S5 

C:2irI2CIF,X;0 

C,  II 

10 

ii 

CF, 

F 

200-207 

00 

C*n,.F4X:0 

c/n 

11 

CHa 

II 

H 

140.5-142 

45 

CallwNsO 

C,  II 

12 

Cl  h 

11 

CII, 

142-143 

00 

CmUwNjO 

C,  II,  N 

13 

CII, 

II 

ocn, 

147-14S 

47 

C*H„NsO, 

a  n 

14 

CII, 

II 

Cl 

192.5-193 

50 

CsHuCINTO 

c,  n 

15 

cn, 

ir 

V 

155-150  5 

49 

o*tiufx2o 

C,  II,  N 

10 

OCUl 

h 

Cl  I, 

106-167 

45 

O,n,»x2o5 

C,  II 

17 

II 

cn, 

11 

130.5-132.5 

S4 

CaHwNaO 

c,  ii 

IS 

II 

CII, 

cm* 

142.5-144 

59 

CuIIhNsO 

a  u 

19 

II 

CII, 

ocn. 

143-145 

06 

c2,h„n2o2 

a  h 

20 

II 

cn, 

Cl 

144-146 

70 

CsIIi»C1N7.) 

a  h 

OJ  A 

ir 

CII, 

F 

141 .5-142.5 

75 

CafluFXsO 

22 

F 

ii 

CII, 

172-174 

49 

CKII1SFN20 

C,  H 

*  Unless  otherwise  noted  solvent  of  rcerystallizatiou  was  KtOH.  h  KecryatalUzatiou  solvent  McCN.  c  C:  ealed,  GO-84 ;  found,  09.40' 
4  This  compound  was  used  directly  without  analysis. 
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YicUl, 

llcvrysln 

No. 

It 

!»* 

it" 

Mi*. 

% 

solvent 

Formula 

A &«!>-»  os 

23 

cn. 

cn, 

n 

163-101 .5 

SO 

McCX-CIK'l, 

c?,n.,N2o 

a  n,  x 

24 

(91, 

cn, 

CII, 

193-191 

70 

KlOlt 

c;4uI;x:o 

a  n,  x 

25 

CII, 

cn. 

ocn, 

1S5-1S7 

90 

KtOH 

CwiiaN-o. 

c.  n,  x 

20 

CII, 

CII, 

Cl 

167-109 

S7 

Eton 

o2,nl9oiN-o 

c,  n,  x 

27 

CII, 

CII, 

F 

173  175 

S7 

Eton 

C2,n,,FX:0 

<\  n.  n 

2S 

IC 

CF, 

n 

193-194 . 5 

93 

McCN 

C2?1I„F,N:0 

a  n,  x 

29 

H 

CF, 

cn, 

I7S-179 .5 

85 

Eton 

CmHi71TNsO 

C,  H.  N 

30 

II 

CF, 

ocn, 

210-212 

SO 

EtOAc 

CnH„F,NV), 

C,  11.  X 

31 

H 

CF, 

Cl 

214-210  dee 

74 

EtOH 

CaH„ClF,X*0 

C,  H,  X 

32 

It 

CF, 

F 

I7S-1SI 

95 

Eioir 

c«h„f«x,o 

C,  11,  N 

33 

cn, 

ir 

II 

ISO- INI)  5 

so 

Eton 

C221ImX:0 

C,  II ,  N 

34 

cn, 

n 

cn, 

1 70- 1 77 . 5 

92 

Eton 

c„n20x2o 

(\  n.  X 

35 

cn, 

11 

ocn, 

191-192 

95 

Eton 

CialljoXjO, 

c.  n.  x 

36 

cn, 

Tl 

Cl 

1 S-I -ISO 

S5 

Eton 

C-lfaC  1N.O 

c,  n,  x 

37 

cn, 

II 

F 

1 70-I7S 

70 

Eton 

C2,I!,?FXjO 

c,  n.  x 

3S 

ocn, 

n 

cn, 

17.S-I.SO 

■so 

Eton 

C»U*XA 

a  h,  x 

39 

n 

cn, 

n 

115  117 

so 

MeCX-Cliei, 

e*n.«x<o 

c.  H,  N 

40 

n 

cn, 

cn, 

174-175 

92 

Eton 

a,n»N2o 

c,  11 

41 

11 

cn, 

OCH, 

154  150 

90 

MeCX 

CmIImNVI, 

C,  H 

42 

11 

cu, 

Cl 

I 71 - I 75  5 

S3 

MeCN 

( ciiiTax,o 

C,  II 

43  11 

Sinters  at  12S-130*. 

cn, 

V 

139-14 I* 

95 

ElOll 

c»n»FNV> 

c,  n 
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Antitnalarial  aerA 


M|>. 

Yield, 

Dose, 

No. 

n 

jr 

U” 

°C 

1  0 

Formula 

Analyse* 

m*  'kg 

Cures 

44 

cn. 

CIb 

CIb 

220-221 

40 

C,JbsX,<) 

<\  If.  X 

100 

1 

45 

CH, 

Clli 

OCIb 

200-201 

43 

C:db.N,0, 

CM  I,  N 

40 

80 

2J 

4G 

CIb 

CIb 

Cl 

212-214 

19 

C*»,fbi0lX*O 

C,  If,  X 

20 

1 

40 

3 

47 

CM, 

ctr. 

F 

175-177' 

29 

CnII»FN%0 

C,  II.  N 

40 

0/ 

SO 

*> 

4S 

H 

OK* 

II 

197- It  IS 

40 

C-H.iF3N.O 

C,  H,  N 

20 

•> 

49 

H 

CFz 

CIb 

195-197 

75 

C<*HaF»X*0 

C,  11.  N 

20 

0* 

40 

2 

50 

H 

CF, 

OCIb 

1S2-1S4 

53 

CjjIIjjFjNjI). 

C,  H,  N 

20 

l 

40 

3 

51 

II 

cf3 

Cl 

1S1-1S2 

3S 

C2oIUC1F3X,<) 

0,11,  N 

20 

5 

52 

CIb 

11 

IT 

179*  ISI* 

3S 

CnIIMX30 

C,  Ii .  N 

040* 

1 

53 

CH, 

ir 

CIb 

214-2  HR 

50 

C2Jlb«N%0 

C,  H,  N 

040 

0* 

54 

CH 

H 

OCIb 

200-207 

5S 

CsiIImNsO* 

C,  II,  N 

ICO 

0‘ 

320 

o 

55 

Clh 

n 

Cl 

217-219 

12 

C~H;,ClNtO 

II,  N;  Cm 

5G 

H 

CH, 

II 

1SS-1S9" 

31 

C*H«NTA) 

C,  II,  N 

SO 

1 

1G0 

3 

57 

H 

CIb 

CIb 

175-175.5 

32 

GnHaNVb 

c,  If,  X 

SO 

l* 

320 

4 

5S 

H 

CIb 

Cl 

loo-in 

23 

C«Ib,ClN,0 

C,  II 

20 

o 

59 

H 

Clb 

F 

1X2. 5-1 S4 

2G 

CelIaFN.0 

C,  II 

40 

o 

•  Ueoxyst  alii  zat  ion  solvent  MoCN.  *  Antimalarml  test  results  were  supplied  I  hrongh  the  courtesy  of  Dr.  David  P.  Jacobus  of  the  Waller 
Reed  Army  Institute  of  Research.  Tests  were  carried  out  in  groups  of  five  mire  infected  with  Plasmodium  hrnjftri.  The  drugs  weie 
injected  in  doses  of  20,  40,  SO,  100,  320,  and  040  mg/kg.  Unless  shown  all  the  animals  were  cured  at  higher  doses  up  to  the  maximum 
of  040  mg /kg.  Knhaneoment  in  survival  time  of  treated  animals  is  regarded  as  evidence  of  antimaiariat  activity.  A  compound  i s 
considered  to  he  active  if  t he  mean  survival  time  of  the  treated  group  is  more  than  double  the  mean  survival  time  of  the  control  group 
(7.0  ±  O.o  days);  it  is  said  to  ho  curative  when  the  animal  survives  up  to  00  days.  r  Active:  increased  survival  time  7  days.  d  Two 
euros  at  100  mg/kg.  'Softens  140°.  !  Increased  survival  time  9.0  days.  •'Increased  survival  time  7.S  days.  h  Kit.*  1S2.5 -1X2.9*. 

*  Inactive  below  this  dosage.  >  Softens  150°.  *  Increased  survival  time  9.0  days,  1  Increased  survival  time  9.2  days.  M  (’:  calcd, 

72.02;  found,  71.47.  n  Pit.*  IS7.S-1SS.H0.  "One  cure  at  100  mg/kg. 


port  of  the  suggested  stops  arc  tho  following:  (a)  in  a 
few  cases  the  hydrogenation  was  interrupted  before' 
completion  and  the  first-stage  reduction  product,  the 
tt-pyridyl  alcohol,  was  isolated;  and  (b)  reduction  of 
the  --pyridyl  ring  of  tho  alcohol  21b  proceeded  smoothly 
under  the  conditions  which  reduce  the  ketones  II  to 
III. 

That  the  nucleus  of  the  quinoline  ring  in  the  ketones 

II  was  unaffected  by  the  catalytic  reductions  was  dem¬ 
onstrated  by  spectral  methods.  Uv  absorption  char¬ 
acteristics  of  2-arylqiiinoIines  were  obtained  for  the 
reduction  products  III.  The  nmr  spectra  obtained  from 

III  wore;  as  expected  for  the  type.  In  our  previous 
report1*  the  spectral  data  and  their  interpretations  for 
a  typical  example  of  1 1 1  were  presented. 

The  ultimate  validation  of  the  new  synthetic  scheme 
as  an  unambiguous  route  to  eompoundsof  type  III  rests 
in  the  identity  of  samples  of  53  obtained  by  both  the 
new  method  and  by  the  older  method.4  Further  sup¬ 
port  comes  from  the  compounds  52  and  56  which  wore 
prepared  by  the  new  scheme  and  have  physical  prop¬ 
erties  which  are  in  accord  with  those  reported  in  the 

<*«  \ri*  •  tiTu?  •*!■-  '.i 1  !■■■  i-.f  i  •  :*'  <"in:  1 » -  •  ■  f  it*,  i  i  ■  I  *  ^ . 


literature  for  those  compounds  synthesized  by  the 
older  route.9- 

Two  apparent  exceptions  have  been  observed;  com¬ 
pound  15  seemingly  undergoes  reduction  beyond  the 
desired  stage  III10  and  19  gave  intractable  resins. 
Thus,  it  is  necessary  to  confirm  the  structure  of  each 
new  compound  obtained  by  this  new  method. 

Reductions  of  the  pyridyl  ketones  II  by  sodium 
borohydride  produces  in  good  yields  the  «-2-pvridy]- 
quinolinemethanols  IV  (Table  ID.  The  structure  of 
the  resulting  compounds  is  based  upon  the  method  of 
synthesis  and  their  spectral  properties  which  art*  dis¬ 
tinctive  and  corroborative  (//.  ref  la). 

Biological  Activity.  The  compounds  of  types  III 
and  IV  were  tested  for  nntimalarinl  activity  agaiuM 
PlasnuttUttm  tM’njhvi  in  mice  by  the  method  ot  K;u*v11 
All  of  the  o-pyridylquiin)linemetlianols  of  type  IV 
('ruble  II)  were  inactive  in  thU  teM.  but  they  showed 
phololoxicitv.  However,  all  of  tin*  c?-pipcridylquiu<i- 

fttl  i;  It.  ItfirtiffiHfi  rtrul  1>.  f(.  i(uut«m,  ./  ('hrm.  .V,**. .  $9  i'DS 

( emu. 

(lti'  TliO  mutiny  Curt hot  tin  i*.n 

lilt  T.  S  O-I.m*  C  C.  Uu-m-Ii.  mil  I.  fCutn.  ./.  Stri .  firm.  10,  t  .  ’> 
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R" 

R' 
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No. 

R 

\v 

R" 

Mp. 

°C 

Vi.'KJ, 

Form  ti  la 

Anal  y. 9  on 

GO 

err. 

H 

OIL 

240  244  dec 

00  ft 

Cnlli-NO* 

c. 

H 

01 

cu3 

II 

tK'Hj 

2:17-2;>S6 

77  3 

CiAluSOs 

c, 

II 

62 

C  Ml, 

11 

(’1 

272-274 * 

S5.  1 

(5:11,, (’INO: 

c, 

II 

G3 

ch3 

II 

V 

225-22S 

02  4 

CkHisFNO. 

c, 

ID 

04* 

ch3 

Cll3 

CII3 

244-246 

75.2 

Ce.IL.XO, 

c, 

II 

65 

OIL 

OIL 

OCH, 

25(1-252/ 

70.2 

C|*l  b:X03 

c, 

H 

00 

CIf3 

(MI, 

F 

240  251 

70  7 

CVIInFNOs 

c, 

II 

07 

If 

CK, 

II 

260-265  dec 

SS  3 

C«rH,*K,NO, 

(\ 

11 

OS 

H 

(MT3 

20S-271  dec 

S3 . 5 

(5«U.,F,NO, 

(', 

H 

0!) 

II 

CK, 

OCH, 

25S241  <  let- 

s6 . 1 

c„h,8k3no. 

(', 

H 

70 

II 

(K3 

Cl 

205  -275 

04.4 

C,;Il,ClK,NO* 

c, 

11 

71 

H 

C'F3 

F 

257-200 

SO.  5 

(V;HjF«XO: 

c, 

H 

™o 

OCH, 

II 

OIL 

242-245 

75  0 

(  tdiljNOj 

c. 

H 

73 

OCll* 

II 

OCH, 

242-245 

SO .  0 

(  uH«NO* 

c, 

II 

74 

OCH, 

H 

F 

223-230 

50  4 

CuIIisFNOj 

c. 

H 

75 

K 

II 

cir, 

274-275 

02  5 

CnHiiFNO, 

c, 

n 

70 

K 

II 

Cl 

253-250 

00. 0 

C|SlIsClFX  h 

c. 

H 

77 

II 
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linemothaiiols  of  typo  1 1 1  woro  highly  act  ive  but  all  con¬ 
sistently  caused  serious  photosonsitization  in  mice. 
The  antimalarial  test,  data  for  these  compounds  are 
shown  in  Table  III.  Of  these  or-piperidylquinoline- 
mcthanols  only  two  have  been  tested  previously .s 
The  “quinine  equivalents”  of  52  ranged  from  0.2  against 
P.  (jailimicnun  in  chicks  to  10.0  against  P.  cathcmerium 
in  ducks,  and  that  of  56  from  0.6  against  P.  ciallinnccum 
in  chicks  to  N.O  against  P.  lophumc  in  ducks. 

Experimental  Section 

Melting  puiiiN  were  obtained  on  a  Thnmas-Ihmver  nr  a 
Fiseher-.lnlms  melting  point  apparatus  and  an*  unroivected. 
Klemeutal  analyses  weie  pel h>nned  bv  (lalbrailh  Lab<»ralnrie-, 
liu*.,  and  Micm-Tcch  Lai  imiuiI*  trie-,  I  nr.  Sat  i-farlnry  uv  and  ir 
spectra  wen*  lvmrded  fnr  r.irli  mnipniiml  listed  in  l he  tables. 
Nrnr  speetra  were  obtained  for  all  compound-  of  type  IV  which 
were  soluble  in  CDCIior  DMSO-d,-,;  random  limr  delerminai  ions 
were  made  on  all  I  lie  other  types.  Where  analyses  are  indicated 
only  hv  symbols  of  the  elements,  analytical  results  obtained  for 
those  elements  were  within  HI.  I*  f  of  the  theoretical  values. 

2-Pyrtdyl  Ketones  (II).  2- Pyridy  I  2-t p-TolyD-G-methyl-l- 

quinolyl  Ketone  (See  Table  I).  -  The  pyridy (lithium  (from  IS  O  % 
of  2-bmmopvridiuo  in  100  ml  of  Km))  was  prepared  essentially  by 
the  published  method.15  u  To  the  stirred  solution  of  2-pyridyl- 
litluum  under  X«  ami  at  —  60°  was  added  rapidly  (I  2  min) 
finely  ground  b-iuelh\ |-2-i  />-tn|\  1  H|uuio|ine-4-earl>o\vlic  arid 
( 10. 0  g)  rut  a  powder  funnel.  The  addition  of  acid  was  followed 
after  5  min  of  Mining  bv  the  addition  of  loo  ml  of  anhydrous 
LM>.  The  read  nm  mixture  was  allowed  to  stir  lord  hr  at  —  (10° 
under  N?,  after  winch  time  the  Dry  lee  bath  was  removed  and  tin* 
solution  wi-  allowed  to  warm  to  0  5°.  At  this  temperature  the 
reaction  mixture  w:t-  hydrnly/rd  cautiously  by  adding  KM)  ml 

(li)  J.  P.  Hit-Mil.  A.  P.  !>•«  tl.  fj.  P.  Vri n  l)t«r  V«...rt,  an. I  |\  Pit. 

tt.  L.  OtUi.  fir e.  f  r.tr.  (’him.,  TO,  Oil  i  iPl.W). 

(1:0  it  is  impnrirtnt  tli.it  rra.-tanis  uikI  nr«*  .try.  Tlio  f>>  ri<l\ l- 

ti'Ciun*  M.Ii»i!<  ii  :  ,>i'  iti-hh-I  an  t  mani'.im>->l  at  a  l.niu-iTaO.fc  >x, 

.  ;,.t  »  .  1  -  <.  -f  ’ 


of  moist  Kt.O  to  the  stirred  solution,  followed  by  100  ml  of  HsO. 
The  resulting  heterogenous  mixture  was  stirred  for  2-3  min  and 
the  layers  were  separated,  The  KtjO  solution  (normally  dark 
red)  wxs  evaporated  under  reduced  pressure  and  the  resulting 
residue  was  taken  up  in  hot  KtOIl  and  allowed  to  crystallize. 

Piperidylijuinolinemethanols  ( III).  <*-(  2-Piperid>  lV2-(  />- 
t  oly)  )-6*ine!hy!  *4 -quinolinem  ethanol  (See  Table  III).- -2-Py- 
ridyl  2-(p-tolyl)-0-mcthvl- l-qtiiuolvl  ketone  (2  g)  was  dissolved 
in  co.  200  ml  of  hot  absolute  KtOIl  to  which  was  added  2  ml  of 
concentrated  IIC’1  f37-3S*i,  sp  gr  1.19).  The  KtOIl  solution 
w:ls  cooled  and  hydrogenated  over  0.2  g  of  lMo,  1 1  uglehard )  at 
2.15  kg,  cm2.  Absorption  i»f  II*  stopped  e->eulially  in  ea.  1  hr. 
The  catalyst  was  removed  by  filtering  over  C ’elite  and  the  Kl(  Ml 
solution  was  concentrated  to  ru.  ;}()  ml  by  evaporation  under 
reduced  pressure  and  was  poured  into  a  -lined  XalU’Oj  solution. 
The  re-lilting  Mipieous  sn-peu-iou  of  the  free  ba-e  was  c\t racteil 
with  Kt,D  (eo.  300  ml).  The  Kt  ;0  was  evaporated  and  the  resi¬ 
due  taken  up  in  Met  *X  ( 25  -4M  ml  I, 

Frequently  the  crude  product  oils  out  and  or  is  quite  impure, 
hence  sevetal  i>i\  ten)  recr\ staili/atioii-  are  required  to  obtain 
analytical  sample-.  In  a  few  runs  a  small  amount  of  Mcl’X- 
insoluble,  high-melting  fibrous  material  was  obi  aim'd,  which 
was  removed  by  lib  rat  ion. 

Pyridy  lijuinoltnemcthanols  ( IV).  «-t2-PyridyP-2-(  p-lolyl)-G- 
methyl-4-quinolincmelhanol  (See  Table  II).  -'I’d  a  Mim’d  slimy 
of  2.0  g  of  the  pyridy  J  ketone  18  in  50  ml  of  KtOIl  was  added 
0.2  g  of  Xa  ill  1 4.  The  mixture  w«is  stirred  at  room  temperature 
for  1  brand  poured  into -100  ml  of  II.-O,  and  the  solid  wuis  liltered. 
Keeryst alligation  was  from  KtOIl. 

Kt h> I  G-MethyL2-<  /MnlyDcinchonmale.-- 6-Methv 1-2-.  p- 
t«»l yl acid  (0.0's  mole,  21.  IS  g)  was  suspended  in 
150  ml  of  absolute  KtOll  and  20  ml  of  concent  rated 
w;ls  aiMed.  The  mixture  was  refluxed  for  21  hr.  moled,  and  then 
|MMired  onto  im  water  and  extracted  with  Kt.-O.  The  Kt,0 
extract  wa-  w.edird  laquemi-  Xa,('Oi.  II.-O)  and  after  drying 
(MgSOi)  the  Kt:t)  was  removed  under  redo*  ed  pre— ure.  The 
yield  of  product,  was  20  g,  nip  74  70’.  Anoi  t  C-WH|*N<  >.) 

i\  h,  x. 

or-i  2-I*ip<*ridyl)-2-(  p-lolyl  pf»-mefh>  1-4 -quinidine methanol.'  "  - 

U'  r  l:  o.  tt  s’.i:  ••  nt.  T  »'  aM-l  It 

./  A-.  '  .  CS  i.,|. 
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To  a  solution  of  the  foregoing  ester  (0.06  mole,  1S.32  g)  ami  ethyl 

6- ben z am idooaproate4*  (0.061  mole,  16.06  gj  m  60  ml  of  dry 
C*H«,  NaNHs  (0.f)7.r>  mole,  2.93  g)  was  added.  The  mixture  was 
heated  at  00°  with  vigorous  Mining  f«*r  21  lit.  After  conling  the 
mixture  to  60°,  .'>‘2  ml  »>f  t-nnrrnir.-ifed  iJ.-Stl*  in  60  nd  of  lijO 
was  added  and  refluxing  was  rout  timed  for  66  hr.  The  Cell* 
was  then  distilled  otT  a/.entropindly  and  the  residue  was  made 
alkaline  with  60* aqueous  N.jOll  keeping  the  temperature 
below  40°.  The  mixture  was  then  extracted  with  (V.llfi.  After 
drying  (Mg8()4)  the  solvent  was  removed  under  reduced  pressure. 
The  ir  spectrum  of  the  solid  residue  indicated  that  the  N -benzoyl 
group  was  not  rleaved.  The  material  was  therefore  suspended 
again  in  a  solution  of  30  ml  of  concentrated  11:S()4  in  60  ml  of 
UjO  and  the  mixture  was  refluxed  for  til  hr.  After  cooling  it  was 
made  alkaline  as  before  and  extracted  with  Cells-  The  dried 
C«lffl  solution  upon  concentration  m  vacuo  left  an  oil  to  which  2d  g 
of  4S%  II lAr  was  added.  Upon  standing  for  a  short  while  ft  yellow 
precipitate  was  obtained  ami  filtered:  the  yield  of  6-(6-methvl-2- 
(p-tolyl)cinchouinyl]-n-amylainine  dihydrobromide  was  6.6  g 
(34%  based  on  recovered  acid). 15 

The  aqueous  alkaline  phase  was  acidified  with  concentrated 
HCl  and  t fie  resulting  precipitate  was  filtered,  washed  with  a 
little  KtOII,  and  dried.  The  weight  of  recovered  O-methyl-2- 
(p-tolyl)-4-cinehoninic  acid  from  the  wn reacted  ethyl  ester  was 

7- 8  g.~ 

The  foregoing  amine  dihydrobromide  (0.008  mole,  4  g)  vv;is 
dissolved  in  hot  1S%  HBr  and  treated  rapidly  with  a  solution  of 
Br*  (0.00S  mole,  1.2S  g)  in  an  equal  volume  of  48%  11  Br.  The 
crude  product  was  filtered  and  dispersed  in  40  ml  of  boiling  06% 
EtOIf,  and  ICO  was  added  until  a  clear  solution  resulted.  Cool- 

(15)  This  intermediate  amt  the  one*  which  follow  en  route  to  50  were 
used  directly  in  the  next  synthetic  siiee  without  characterisation;  cf.  ref 
9  and  14. 


ing  gave  a  light  yellow  precipitate.  Concentration  of  the  mother 
liquor  yielded  some  additional  product.  I  he  total  yield  ol 
0-i>roino-fi'[C>-inethyl-2-( p-tolyl  )cinchoniiiyl|  -n-amylarnine  flihy* 
diol irouude  u  as  3.96  g  t  S 1  *  \  ). 

The  foregoing  product  f  1.6  g)  was  di.-.-olved  in  60  ml  of  9V  o 
EtOH  and  7  ml  of  14%  aqueous  Na-jCOj  was  added.  The  mix¬ 
ture  was  shaken  for  1  hr  in  a  stoppered  bo; tie  and  then  hydro¬ 
genated  over  36  mg  of  |V).:  in  a  Purr  hydrogenation  apparatus. 
The  reaction  mixture  was  filtered  and  washed  (EtUlf,  hot 
niCIj).  Tin*  solvents  were  removed  in  rartio.  The  residue 
was  dissolved  in  hot  CM  Cl  a  and  filtered.  Evaporation  of  the 
solvent  left,  ft  brown  residue.  7’his  was  dissolved  in  absolute 
KtOlI  and  the  solution  was  saturated  with  dry  HCl.  After 
standing  for  a  short  while,  EtO  was  added  and  the  precipitate 
was  filtered  to  yield  0.6  g  of  the  hydrochloride.  A  small  amount 
of  this  salt  was  converted  into  the  free  base  53. 

The  ir  spectra  of  the  free  base  53  and  its  hydrochloride  salt 
were  identical  with  those  of  the  products  obtained  by  catalytic 
reductions  of  tin*  pvridyl  ketone. 

2rAr>l-4-quinolinecar  boxy  lie  Acids  (Cinchoninic  Acids)  (I) 
(Table  IV). —  All  of  the  substituted  cinohophens  required  as 
starting  materia/  were  synthesized  by  the  Ptitxinger16  condensa¬ 
tion.  In  general,  it  was  found  that  better  yields  were  obtained 
when  the  mixtures  of  the  appropriate  isatins  and  substituted 
acetophenones  in  EtOII-KOH  were  refluxed  for  30  hr;  shorter 
periods  of  time  gave  poorer  yields. 

Acknowledgment. — The  authors  wish  to  thank 
Professor  A.  Burger  for  fruitful  discussion  before  ant1 
during  the  course  of  this  work. 

(10)  W.  IYi  I  zinger,  J.  Prakt .  Cham.,  56,  283  (1897). 
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Some  New  *-Alk> laminometliyj- i-qiiinolinemethanols1 
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Xmc  new  4-<miii«lim>  amino  aleolmls  were  synlh<“d/.ed  for  antmialaria!  te-o.s  Surce.^ful  approaches  for 
introJueii.it  tlie  a-pvridvl  group  were  addition  of  the  t-quii.olvlhll.ium  t.»  _*-|»vri.iyt  mtr.le  ami  to  _-p>uJa  de- 
d  Selective  hv'dro«c..a . .on  of  S-trifinoromethv M-.,„u.ol>  i  J.pyndyl  keP.m-  g:tv«  low  yields  of  .he u  o din. 

a-pvridvhnet Hanoi  and  large  yields  of  the  U-lrahvdim,., . hoc  7-1  rirt  ewon^hv  ;>»;eh;nm.m  a  d  ad^ 

2-pyridvllithmin  giving  low  yields  of  both  the  ketone  and  the  ...J-uipyridy  I  setoue,  tin  .  M. .  p>n  . 

ketone  in  good  yield  but  subsequent  selective  hydrogenation  v.:i> 


A  large  number  of  2-uryM-quinoline  amino  alcohols 
of  types  1  and  2  (IV  =  aryl)4-’  have  proved  to  be 
active  or  curative  against  Plasmodium  herejut  in  mice,6 
but  they  were  highly  pliutotoxic.  duo  po>siblv,  it  has 
been  postulated,7  to  enhancement  of  nuclear  conjuga¬ 
tion  by  the  coplunar  2-aryl  group.  Substitution  ot 
Cl'\  for  the  2-aryl  group  produced  only  moderately 
active  antimalarials  and  these  were  moderately  photo- 
to.\ic.s  This  ]>aper  deals  with  syntheses  and  testing  ot 
9  new  analogs  and  investigation  of  some  potentially 
useful  procedures. 


R  R' 

a  Kt  6,8- Me2 

b  Bu  6,8- Me, 

c  Et  7-C1 

d  Bu  7  CFj 


d  3CF, 


a-Dialkylaminomethyl-4-quinolinemethanoIs  (1).— 
The  recent  and  useful  modification  of  tlie  classical  syn¬ 
thetic  proco< lures4  involves  the  facile  and  high  yield 
reaction  of  a  dialkylamine  with  tlie  ethylene  oxide  7 
which  is  made  either  from  the  appropriate*  aldehyde,  if 
available,9  or  from  the  bromo  ketone  5  by  XaBH,  re¬ 
duction  and  added  base.*’c,,ft  An  alternative  route  to 
tlie  bromo  ketone  5.  avoiding  the  use  of  Cfl.V,4  was 
through  the  Me  ketone  6  which  was  prepared  by  addi¬ 
tion  of  McLi  to  the  acid  3.  Bromination  of  6  with 


(1)  This  work,  Iarjz*ly  done  prior  to  summer  was  supported  by  Uio 

U.  S.  Army  Medical  Ilercarrli  and  Development  Command.  Olfiee  of  the 
Surgeon  General;  Contract  No.  DA-4‘MD:LM CwntrilMition  No. 
8J8  of  the  Army  Program  on  Malaria,  K.  E.  Lutz,  Kesponsible  Investigator. 

(2)  Postdoctoral  Kesearcb  Aasocinlea. 

Cl)  A.  L.  Cr  >y,  M.S.  Thesis,  University  of  Virginia.  Charlottesville, 
Va,  1 950. 

,  It.  E.  Lutz,  rt  ill.,  j.  Amrr.  Chem.  Sor.,  68,  181  A  (UMfi). 
f*.)  fa)  I).  W.  Hoy  kin,  Ir  ..  \.  It.  Patel,  It.  K.  Lutz,  and  A  Mnumr,  J. 
Hf t.rocyH.  Chtm..  4,  l-VJ  (1907);  (b)  I).  W.  Itnykin.  Jr..  A.  It.  Patel,  and 

It.  1’.  Lutz.  J.  .1  ltd.  Chtm..  11,  27:i  (l‘NW);  (c)  <*/.  V.  I.  Olminaelit.  K. 

Davis,  and  It.  II  Lutz,  i hid..  14.  17  (1071). 

Mi)  T.  S.  Osdene.  P.  It.  Hu ell.  and  L.  Hane,  t hid..  10,  40  <11M»7). 
Tests  were  performed  by  Dr.  Leo  Hane,  and  results  were  pimeled  thron-h 
the  Waltrr  Heeil  Army  Institute  of  Hesenreh. 

1 7 )  \\  .  i;.  I{  ot  he  and  1).  P,  J:i  robin,  ibtd..  II.  dtiti  (11)681. 

18)  A.  Pmrimr  and  H  M.  Pinder,  \bul..  11,  2b7  (PMiM. 

,10  W.  (’.  Duncan,  W.  T.  Colwell.  C.  It.  Scott,  and  D.  W.  Henry,  ibid.. 
11.  I TZ2  UimS). 

(10)  E.  It,  \t kinson  «n*J  N  f  Puttiek.  ibid.,  11,  l-.U  il'HifO. 
it,  f  \\  «  i,.,  ,f  <!  .  ./  .1 Ci .  -,i.  ..  68.  I  Ml  -  1'UO. 

|:  |.  !  7  .ud  V  1.  'I  '-M..74,  i—  l'»'* 


XjiBi-Oj  in  llBr11  gave  5  in  high  yield.  e.Jj..  2-/Molyl- 
b.8-dimot  hyl-4-acet  ylquinoline  fCa.  72(,c  fi'OIu  3)  gave 
5n  m  S8rr  vivid  from  3  which  is  a  better  yield  than 
i  in  42), 3  The  bromination  o!  Oa  directly  in  AcOH  or  by 
ammonium  porbmmide  involved  lormation  of  con- 
sitierabh*  amounts  of  the  dibrumomeihyl  ketone  as  by- 
jiroduct. 

QCOOH  —  QC0C1  1CHN;"  QCOCbbBr 


Q  ^substituted  4-<fa/**(yl  I  * -  7 

Attempts  toward  a  more  direct  introduction  of  the 
amino  alcohol  group  into  t  lie  quinoline  through  reaction 
of  2-trifluon>methyi-4-quinolyl  lit  Ilium8  with  MeCX  or 
with  diethylaminoacetonit rile  were  unsuccessful  (not 
surprisingly12).  Neither  the  Me  nor  the  diet hykunino- 
methyl  4-quinolyl  ketones  were  isolated.  Evidently 
(*xtensive  ionization  ami  dimerization  of  both  nitriles 
had  occurred,  and  in  the  case  ot  diethylaminoacctoni- 
t rile*,  there  occurred  considerable  displacement  of  the 
NEt*  group  by  the  4-quinoiyi  anion,  presumably  giving 
8  and  9.  Tlie  structure  of  the  one  dimer  characterized, 
namely  10,  is  based  on  anal,  and  ir  and  ntnr  spectra. 

QLi  +  EtNCHCN  — *•  QCOCH.NEi. 

I 

QH  -f  Et  NCHCN  +  QCH  CN  +  QCHCONIb 
I  8  9 

Ki.Nen.eN  Et.NCH  ('=t  ‘CN 

I - ^  ‘  |  | 

NIC  NEt-. 

a-i2-Piperidyl)-4-qiiiiiolinenielhanoIs  (2b  -  Of  par¬ 
ticular  interest  as  potentially  useful  methods  are  the 
following.  The  addition  <4  d-elilnro-  and  (i-methvl-2- 
trilhmromethyl- 1-qtiinoly  Hit  hiums  at  —70’  to  2- 
cyanopyridine  gave  tin1  known  «-(2-p\  ridy l)-4-quino|\  1 
ketones  11. 8  Tlie  addition  of  2-1’yI.i  to  li.iS-dimethyl- 
4-c,yano-2-tri(luoromel iiylquin«4ine  also  gave  11.  Ad¬ 
ditions  to-2-jiyridaldehyde  of_  2-t i  ifluorotnol nyl- 1- 
quinolyllit hium  or  its  (i-Me  derivative  gave  tlie  com*- 
spondiug  know  n  nf-(2-pyridyl)-4-quinolinnr.eihanols 
12  s 

<2CN  — ►  qcow  —  Ohi - >(2CMOl!lV 

13  t'yU  li  r>cN  p;. ciio  12 

I*y  ^  ‘J-pvrul\  l 
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t-Quinotine  Amino  Alcohols  without  a  2  Substituent 

(iCpd«  2d).-— T! live  examples  of  ll»e>o  compounds  were 
made  to  test  the  effectiveness  of  C*1  and  *(T'l{  groups  in 
t lit'  7  position  :i i ii l  uf  t lit1  (T.;  in  the  S  position.  These, 
without  the  2-nryl  group,  were  not  expected  to  he  se¬ 
riously  photoioxic. 

Syntheses  started  front  the  correspondin'.;  isutins 
which  were  prepared  following  published  j procedures,* * 
Ptit  zingcr  condensations  of  these  with  pyruvic  acid  to 
the  quinolinc-2. 4-dicnrhoxylic  acids  l  lu  and  selective 
thermal  decarboxylations  in  PhX(b  or  Ph-O  gave  the 
cincluminic  acids  15. 


COOH  COOH 


The  S-CF,  acid  15  added  2-lVLi  giving  the  py ridYi 
ketone  11a  (70%).  Tlijs,  using  Pt/IL>  under  a  variety 
of  conditions,  gave  at  best  only  4%  of  the  target  <*-(2- 
pi peridyl) methanol  2d;  the  principal  other  product  was 
the  tetrahydroquinolyl  analog  16  (40%).  The  un¬ 
usually  poor  yield  of  2d  might  be  attributed  to  decreased 
selectivity  of  protonation  of  11a  at  the  pyridyl  N  be¬ 
cause  of  the  absence  of  the  2  substituent  and/or  the 
absence  of  the  deterrent  steric  effects  by  2  substituents 
on  hydrogenation  of  the  quinoline  X  ring. 

An  attempted  preparation  of  2d  by  the  6-stop  Ainlv 
and  King  synthesis1*  failed  iti  the  last  stages. 

Treatment  of  7-trifluoromethylcinchoninic  acid  (15b) 
with  2-PyLi  at  “-70°  in  30%  Til k ~-KtA)  gave  the  de¬ 
sired  2-pyridyl  ketone  lib  but  in  only  10%  yield.  Also 
isolated  in  12%  yield  was  the  diaddition  product,  «-pv- 
ridyl  2-(2-pyridyl)-7-trifluoromelhyl-4-cpiinoiyl  ketone 
17  which  muM  have  involved  both  addition  of  2-Py|.i  at 
position  2  and  oxidative  aromatization  of  the  resulting 
dihydmquinoline.  These  two  compounds  wore  char¬ 
acterized  by  anal,  ami  umr  spectra. 

Addition  ot  2-Pyl.i  to  the  7-trifluoromothyfriu- 
chonjnic  ester  in  I.td),  unlike  i Ik*  addition  to  the  acid 
15b  where  Till  was  required  for  solubilizing  the  sub¬ 
strate.  yielded  the  ketone  111)  in  07%  yield;  and  forma¬ 
tion  of  17  was  not  observed.  Unfortunately  in  the 
several  attempts  to  reduce  the  pyridyl  ketone  lib  bv 
I  t,  IK,  no  pure  piperidvl  alcohol  was  isolated  from  the 
complex  mixtur(‘of  products. 


(i:n  tai  S  I.  Unit  nn.t  I*.  W  .  Sa-IG  r.  /**..*,  lint,.  Soc  .  148.  »H1 
(I  J..  Smu  t.  J  r  u  <  *ft  ,  28,  il'HVa.  21.  IliM  il'Oiij. 

It,  A.  I.  Si  iii'ii  r .  11.  S:i  'i;i  til ,  .1.  V.  .uni  J.  I*.  Km'pllt.  J .  .1  ntrr. 

Ct<’m  88.  '.'i.'t’i  tl'lltii. 

•  1  '■  V  i*  .ti.-I  II.  K  Vr>r.  Uo’i  >»<••  S,*.  It,  125.  GO  t 


Since  the  rt-r2-|»ipendyl)-7-iriMUitnniit‘Ui't  i- l-iuiM  o- 
linemetl.amd  corn*sp«*!idii*g  to  17  was  not  obtained,  tin* 
ur-dibutylatninonK'ihy]  analog  Id  was  synthesized 
through  the  dia/omm  hv!:d km  i»r  the  corresponding 
eiuchotiinic  achl  by  Mandat'd  procedure'. 1 

7-C 'hloi'ocinehouinie  :u  id  (15.  [I  7-<  1)  did  not  give 
the  desired  ketones  upon  treatment  with  Mei.i  or  2- 
Py  I  ,j.  The  a-die*  h y 'iamiuoniet  hy ■i-7-cliWo-4-quinu- 
lineinelhanol  was  therefore  synthesized  by  the  classical 
promlu re  employed  earlier  for  llu*  dihexyl  analog.10 

2-Substitu(ed-o-(2-pipcridyit-4-quinofineinc(hanohi 
(2). — Three  of  these,  i In*  0-iiuoro-J-/)-tolyl  and  0- 
lluoro-2-trifluoroniethyl  derivatives  2a  and  2b,  and  the 
S-fluoro-2-t riUuoro methyl  compound  2c.  were  synthe¬ 
sized  by  known  procedures.1’**  In  each  case,  as  in  the 
many  analogous  syntheses  in  this  series,  only  one  of  the 
two  possible  diastereoisnmcric  racemates  was  isolated, 
presumably  formed  predominantly  by  stereos] >cci He 
hydrogenation.5* 

Biological  Data/ — Tin*  antiinalarial  activities  of  com¬ 
pounds  1  and  2,  listed  in  Table  I,  were  not  outstanding. 
Tin*  most  active,  la  and  lb,  were  partially  curative  at 
640  mg/kg  and  active  at  100  nig/kg.  Only  la  ef¬ 
fected  low  but  significant  increase  in  survival  time  ar 
40  mg/kg.  The  one  tetrahydroquinqline,  16,  was  iu- 


Activitiks*  auaixst  P  bcnjhci  in  Mick* 


D40 

100 

40 

Coir  p<l 

m?/kg 

mg/kg 

mg/kg 

la 

2C/29.  le 

O.S 

O.S 

lh 

2C/27.2*. 

10.7 

2.0 

lc 

O.S 

0.0 

0.4 

Id 

s .  r» 

0.1 

0.1 

Ja 

i.:j 

1.1 

0.0 

2b 

9.1 

3.5 

0.7 

2c. 

Id.  5 

5.1 

O.d 

2d 

5.9 

0.5 

10 

O.d 

0.3 

o.:; 

11  I’igures  are  average  increases  in  survival  time  (days’)  of 
infect etl  mice  (5  per  test  groups  beyond  that  of  unt rented  con¬ 
trols.  h  Sec  ref  C».  r  Two  cures  ami  an  average  increase  in 
survival  time  of  3  mice. 


Experimental  Section17 

2- Aryl-4 -acetylquinolines  (f»)* — Tu  a  typical  example,  9.,>  g 
’mule)  of  pmvdctvd  2-/Mi4yl-Cwm*thylciiirh«minir  acid 
followed  by  200  ml  of  drv  KijO  was  rapidly  added  to  a  vigorously 
Mined  >nh\  of  0.US7  mole  of  Meld  from  1.2  g  of  f.i  and  I  t  g  of 
Mol)  in  | gi)  ml  of  anhyd  la*0  under  Nr  After  stirring  for  2 
midi  hr  and  lnilio!vsi>  and  evapu  of  tin*  cth"r  layer,  the  residue 
w:i>  recrvsUi  from  al*sKiU||:  S.l  g  of  tih  Mi'  ,  ). 

A-Bromomethyl  2-AryM-quin«l>l  Ketones  or>a  d\  A. 
To  a  stirred  relluxiug  miIii  ol  J.ei  g  pt.01  mole)  ot  (>h  in  J.i  nil  «>l 
glacial  Art >l|,  was  added  over  to  min,  a  -olu  of  l.tiUgpKOl  nude) 
ul  lh*.  in  la  ml  of  glacial  Ai  t  Ml,  with  continued  rethmng  for  1U 
min.  I  poii  cooling  and  pouring  oulo  ice,  the  rcMillii  g  ppt  was 
wadied  with  N:ilK*<h  -ohi,  and  leerv^ul  from  abs  Kit  HI;  J  0 
g  i  .VC ; ). 


in)  (nt  N.  It.  l.r»V;o.  rh.D.  I U-HiTlatinn,  rnivrr.-il)  of  Virginia. 

V:i  .  I'.llit.  |»  1U-J:  Mo  It.  K.  I.«iu.  J-  *  fu-limaun.  uiul  >  U. 
k*  J .  .t m«r.  C’fcrm.  89,  IJuO  vl’.UT). 

17\  h,.iruim*«UUMM|  «rrr:  deimnitua  tor  mp  my^r. 

,1.  ,»,«  coma  (rfcO.V  ;  >:  Caili.Mitl!  !.»!•.  ""  ’“l 

l.al*.  Varttuiu  ^utUuuaunii  of  »natvn»  ;tl  *■»“*!*•'•*  ujih  :\l  l  -  * 
rnsprriivi*  inj*.  PatUtjrlorv  -i  ^ara  «hc  ..UUint-.l,  for  ^ r.i.-Oir:*t  I  n  r- 
i^ioD  «1***ro  risimnsl.  atui  ramtomly  in  oU.**r  ' 
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!!.  Vo  v.  Mure.!  >!uuy  cc  V79  g  \0.02  rocle)  of  Aa  at.. I  ’■< 1  ml  t.f 
glacial  Act)  If  w  as  added  1.01  g  l.( )( H •!«  nude) of  NaBrOj  followed 
ilft'ler  heating  at  100°  by  dropwi.s,:  addition  of  M  g  of  4x%  1 1  Hi  . 
The  mixture  was  then  poured  onto  ire-lKO  and  the  resulting  ppt 
was  recrystd  from  K.lOll;  ti  ls  g  *SS%  t.  'flit*  yield  of  5b  by 
this  method  w  a>  7,V ,  . 

a-(  l)K//-lnitylamittomc(hyl)-2-/>-lolYl-C.S-dimelhyl-4-qiiin- 
oliuemelhanot  llt*l  (  111).  A  mixiutc  of  crude  biomohwhiii 
(11. 1  g,  0.03  mole,  obtained  in  Sl%  yield  by  AhO-i-Pi  h  reduc¬ 
tion  of  the  bronm  ketone  5aVn)  and  1*1.5  g  (0.015  mole)  of  n- 
15u;N  1 1  at  80-85°  was  stirred  for  00  hr,  cooled,  ami  dild  with 
dry'  KtiU.  .After  removing  the  pptd  sail  by  lilt  rat  ion  the  soln 
was  eoned  under  reduced  pressure  and  the  unused  n-BujNII 
was  then  removed  bv  vac  distu.  A  soln  of  the  residual  viscous 
oil  in  a  small  amount  of  abs  KtOll  was  tooled  in  ice  and  treated 
with  ethereal  11C1.  The  resulting  ppt  was  recrystd  from  KtOll- 
Kt?0;  1  *J.CS  g  (93%.);  I  a  was  made  similarly.  Compd  lc  was 
prepared  from  tlie  eorresjhjnding  bromohydriu  by  the  actum  of 
refluxing  Kt-XIl-Ben/eue  mixture  (15  hr).  An  KtjO  soln  of  t lie 
base  (obtained  as  above  for  lb)  was  treated  with  ethereal  HCJ, 
giving  a  hygroscopic  brown  dihydrochloride,  which  upon  rapid 
recrystn  from  i-PrOII-KuO  yielded  42%-  of  analytically  pure, 
hygroscopic  mono  hydro  chloride  <Ic>,  tup  135-138°  dec. 

Isatins.- -The  6-C’l,  A- Hr.  A-K.  A-(.M*U,  and  7-('F.i  isatins  were 
prepd  according  to  published  procedure*. 13  Mixtures  of  4-  and 
G-subsii luted  isatins  were  .sepd  by  the  method  of  Sadler.1* 

Quinoline-2, 4-dicarhoxvlic  acids  ill)  were  prepared  from  the 
corresponding  isatins  bv  tlie  method  of  Senear, « '  til.1* 

Cinchoninic  acids  (15)  were  obi  ailted  from  the  corresponding 
quitiolinc-2,4-dicaiboxylic  acids  11  by  decarboxylation,  in  re¬ 
fluxing  PhXO-  for  1  hr,  or  in  I’loOat  2!5°  fur  15  min. 

o-(ilrontomethyl)  7-Trilluoromethyl-  4-quinolyl  Ketone •  HBr, 
(5e). — A  stirred  soln  of  12.1  g  (0.05  mole)  of  15b  in  00  ml  of 
SOClj  was  refluxed  for  1.5  hr.  The  SUIT*  was  distd  at  1  atm 
pressure  and  100  ml  of  dry  (%IK  was  added  and  distd.  A  soln 
of  the  residue  in  1J5  ml  of  dry  Kt-O  was  Altered  through  glass 
wooJ,  stored  in  a  dropping  funnel  under  a  CaCl?  drying  tube,  and 
Added  dropwise  over  0.5  hr  to  a  cooled,  stirred  soln  of  0  g  (0.14 
mole)  of  CII*N;  in  415  ml  of  Kt  .O,  a  yellow  ppt  a]ipearing  toward 
tbe  end.  The  mixture  was  stirred  for  4  hr  and  then  treated  drop- 
wise  with  40  ml  of  4S%  11  Ur.  After  1  hr  of  additional  stirring  the 
tan  solid  5e  was  collected,  washed  with  30%.  ACOIl-KljO,  and 
oven-dried;  12 ..VI  g  (03'  ,  ),  yellow,  mp  187-193°  dec. 

7-Tritluorometh)  l-4-tjuinol>  le(h>  lene  Oxide  (7a). — A  solu 
of  0.30  g  (0.0JI  mole)  of  5e  in  75  ml  of  MeOH  was  treated  with 
nq  5%  NalK’Oj  until  pi l  7  was  reached;  it  was  then  treated 
dropwise  over  15  min  with  a  soln  of  1.5  g  of  N.tBIK  in  15  ml  of 
II  jO  to  wdiich  had  boon  added  4  ml  of  2  ,Y  NaOll.  After  stirring 
for  1  hr,  diluting  with  125  ml  of  IKO,  and  extg  with  petr  ether 
(30-00°),  the  ext  was  dried  tK?tAM  and  evapd,  giving  4.02  g 
(82%),  wax  product,  mp  53-50°,  recrystd  from  isooetane,  4.01  g 
(72%),  mp  58-00°. 

«-( I>i-«-buty  lam  inomc  thy  D-7-1  rill  uoromethy  l-4-quinoline- 
methanol  Succinate  (Id).-  A  Mined  >oli:  <4  7a  (1.0  g,  IUHAS 
mole)  and  20  ml  of  h-Bu.-NII  was  heated  at  120°  for  1.5  hr. 
After  evapg  c\ee<*  n-Bu.-NU  ,n  vacua,  the  residual  oil  wa<  taken 
up  in  Kl4);  and  the  hydrochloride*'  were  fractionally  pptd  hv 
ethereal  ll(M.  The  first  crop  was  ctystn  («-Bu:Xll  -IK’D,  but 
subsequent  crops  wore  gums  from  which  Kt4)  was  decanted. 
Treatment  of  these  with  NaOll  soln  and  rvtn  with  KM),  drying 
(MgSOi),  and  retreating  with  ethereal  MCI  gave  a  tan  oil  which 
solidified  u|xni  cooling  with  Prv  Ice-acetone;  white,  hygroscopic. 
Treatment  of  the  salt  with  base  and  e\tn  w'lth  I\M>  gave  3.5!  g 
of  tan  oil  (57%  ).  A  125-ml  Ki-O  miIii  of  tins  was  treated  with 
All  ecpiimolar  amount  (1.13  g)  of  '.uremic  acid  iu  450  ml  of  Kt  l  ). 
Kvapn  to  400  ml  ami  standing  at  0°  for  several  days  gave  3.01  g 
(44%)  of  Id  Mucmaie,  mp  90-97.5°;  a  second  crop  <*f  0.00  g 

(7%)  was  obtained  'jf»  com  on  of  flic*  KlfO  soln  to  100  ml  (total 
yield  51  %  V 

2-P>rid)l  1 -Triflijiriunctlp  l-  l-cpiinolvl  Ketone  (lb).  A. — 
Treatment  * «t  I5h  *997  g.  oo|  mole)  with  2-F\l.i  (tMVf  mole) 
in  30",'  TIIK  l!M)  at  -7o3  ami  rr\sl  theptodtut  from  Kit  III 
yielded  5.S*»  g  <»f  t.m  ""hd.  mp  105  - 1  ,  whnh  ua-  then  Mib- 
iiliied  (overnight  >  at  llO'lMl'iimn):  1.00  g  l  In'  iohu/es.1; 
mp  117-1 10J 

(tst  p.  IV.  i*  ii  Ur.  J.  0'9  CK,m  .it,  iu-J  (I  ti.Vii. 
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Ta:xk  11 

OP 

1 

R 

^CF, 

n 

It  fiir  i:t  at'* 

I'riniucis" 

ti-(  *1 

PyCN 

l^COPy  <  13'  ; ) 

ti-Me 

PvC'N 

i)Py  i7Af ) 

II 

Pvt  MB  1 

IttMKHIPy  (43%') 

A-Me 

PytMlO 

(tt M loll Pv  t:;9% ) 

A-Ale 

PipCOOil 

(^11  (23,  55%. ) 

A,8-.M e.*f  6-('l 

PipCl  )01 1 

None  isolated 

A-Me 

Met'Nfc 

tjll  F23,  Al%) 

ti-OMe,  6.S-CI, 

AleCN* 

Xdih*  isolated 

A-Me 

KtsNCIIaCN*-tf 

1^11  (23,  30%);  QCHsCN 
(8a,  30%,  mp  104°);* 

QCMKCONH.  (9a,  20%c. 
mpjoo0);'  10(25%/ 

KK.VCIKO.V 

(,>CMI.COMK  (9b,  50%)' 

a  Substituted  4-quiimlvl: 

piperidyl.  6  !lea**tion  lime  4  hr. 


Vy  =»  2-pyridyl:  Kip  *  2- 
Worked  up  by  column 


liprilUM.  ja-il'inui  Mill!  t  m.  . . 

’hiumatographv  on  silica  gel,  eluting  successively  with  petr  ether 
,30  m>°),  cdlo,  CM ICls.  and  .Me.CO.  J  ir  « N iijol )  2248  cm"* 
(('  X).  *  Anal.  CuIIijKjX;0,  X;  ir  (Nujol)  cm"*,  3350,  3195 

(NIK),  1075  (C  ,<».  *  Bp  120°  (3  mm):  Anal.  C, 

C,  11:  N,  ealed  25.00,  found  24.43.  ir  (iieat)  3480,  3300  (XHs). 
3070,  3940,  3S30  (HD,  2175  (C:  N)  and  1030  (C~C,  C— X) 
cm"*;  nmr  (CIKTA  5  0.97  (m,  12,  Clla),  2.4S  (m,  8,  CIK), 
3.26  (s,  2,  NCH*),  and  5.20  (s,  2,  NII:).  Ir  (KBr)  3350,  3165 
(amide  NIK),  16.S0  em“*  (amide  C-  (>). 

B. _ Ethyl  7-tpfluoromethyleinchoninate  (8.3  g,  0.031  mole), 

w'heu  treated  in  Kt;0  as  above  with  0.1 37  mole  of  2-VyI/i,  gave 
0.25  g  (67%)  of  lib,  mp  111-114°.  No  17  was  found. 

2-Pyridyl  J-iS-PyridyD-T-trinuoromethyl-i-quinolyl  Ketone 
({7k— Kecryvcit  from  .Md’N  of  the  residue  from  the  above  sub¬ 
limation  of  i  lb  yielded  l.NTgof  17(12%.), mp  100-171°. 

«.(2-I>iperiilyl)-8-trifluoromethyl-l.quinolinemethanolHCI 

(2d).- -A  mixture  of  A0  g  ^O.OlOu  molclot  11a,  1.2  ml  i>t  coned 
mu’  0.25  g  of  PtOt,  and  125  ml  of  abs  KtOll  was  hydrogenated 
at  2.8  kg/Vnr  for  l  hr;  total  IK  absorbed,  0.059  mole.  Filtering, 
evapn  to  30  ml,  pouring  into  dil  NaOM,  KtaO  extn,  drying 
(MgS04),  treatment  with  ethereal  HCM,  decantation  from  the 
gummy  salt,  dissolving  in  abs  KtOll,  and  treatment  willi  anhyd 
KUO  until  cloud v  gave  an  oil -white  ppt,  which  was  Altered  and 
nir-dried:  0.80  g  (14%),  mp  165-172°  dec;  recrystd  from  J- 
PiOH-KwO;  0.22  g  (4%);  tan;  mp  204-206°  dec, 

«-(  2-Pi  perulyD-S-irilluoromeihyl- 1.2,3,  l-lotrahydro-4-qtiin- 
olinemethanol  (16).— A  mixture  of  9.50  g  (0.0315  mole)  of  11a, 
5  ml  of  coned  MCI,  0.95  g  of  Pub,  and  200  ml  of  abs  KtOll  was 
hydrogenated  as  above,  absorbing  0.15  mole.  The  base  was 
recrxstd  from  a  small  vol  of  McCN  :  0.60  g;  colorless;  mp  179- 
183°. 

o-(2-Piperulyl)-6-  and  -S-fluoro-‘2-tritluoromrthy|-  l-quinoline- 
methanol  HCI  (2l»  and  2e)  wete  preparetl  by  the  previously  re¬ 
ported  reaction  sequcuceJ  the  4-quinolouo  —  QBr  —  Q(U)()1I 
—  ()COPv  2b, f. 

V  ,t*(  2-Piperid>  I )- A- tluoro-2-;>-ioly  1-4 -quinoline  met  Hanoi  (2a) 
was  obtained  (by  publi>lied  procedure* I  from  the  corresponding 
(i-lhioro-2-p-lolvlrinehniunic  acid  (prepared  by  the  PAt/.inger 
reaction  bet  wii'ii  5-tluoioi*atin  aiul  p*moi  by  Inert  opheuoue). 

Heart  ions  of  2-Trilliioromethyl-4-quiimlyllitIuum  Derivatives 
(Prepared  as  Previously  I)escrihedft).  -  l'lie  pioducts  were  iden- 
titied  by  comparison  of  mp  and  ir  spectra  with  those  of  authentic 
samples.*  In  a  Uqiical  example,  :v  slight  e\ee*s  of  2-cytmopyri- 
dino  was  adiled  to  a  soln  of  A-melhvl-J-lrillutuotnelhvl-l-quiuoyl- 
litliiuiu  in  dry  Kl,0  mi.lor  N'i  at  -70'.  Afu-r  I).  '!>>'  mixturr 
wns  warmed  t«»  room  temp  and  hydrnly/.cd  J  rP;‘ul1' 

ing  rt-(2-pyiitbl)  O-meihvl-J-tritluorometliyl-l-quiuoK  1  ki  imw 

was  recrystd  from  KtOll  v30%  >  mp  155  mp  I53c).  The 

results  of  the^eex|H*!i.nenl.**  .ue  "how u  in  1  able  ll . 

As  might  have  been  cnih  cIihI  tlie  reaction  between  4-<punolyl- 
lithimus  and  pij>cc«»lenic  acid  which  ha-  two  active  li> (liogens  and 
wnulil  form  a  dianimi  with  two  proximale  negative  cliaigc*, 
faded  to  give  the  pipci  idv  Ikeloue;  in  the  case  -f  the  6  Me  deny  a* 
tiv,.  the  ctu responding  parent  quinnin.e  w.o  <*.'tameil  m  ao  < 
^  i*  id . 
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The  reaction  of  4-cy»no-6,8-ilimrlhjrl.2-irilluoromclhylqiiin. 
olinc  (13')  with  2-Vyl.i  in  Kl,0  :il  -  fur  l  hr  uiuler  N,  Mid 
purification  by  rnlumu  <:hrotu;u*»Riaphy  on  silica  tf**l  K  IK  IK 
Ravc  5U%  vf  2-pyridyl  l^S-iliinoiliyl-J-lriHiuiroiiieUiyW-iiuii.uiyi 

ketone,  mp  94°  (lit.*  flip  US* ). 


Tamlb  Ill 

^-PUN'irriOX'Al.lZeP  Sl'IIRTtTUTKD  l)UINOMN».S 


R' 


Yield, 


No- 

R 

R** 

R"« 

Mp.  *Crf-*‘* 

rt 

O 

Analysis* 

23 

6-Mc 

CF, 

II 

89 

CnII.W'.* 

18a 

6-F 

CF, 

OH 

255-260 

74 

C,t2l*K,NO 

18b 

8-F 

CF, 

Oil 

144-145 

69 

CioHiFiNO 

ISc 

6,8-Fi 

CF, 

oa 

164-165 

03 

CudliKsNO 

19a 

6-F 

CF, 

Br 

93-95 

78 

Ci0H«BrF4N 

19b 

S-F 

CF, 

Br 

68-69 

94 

CulHBrFsN 

19c 

6, 8-F, 

CF, 

Br 

84-85 

96 

CioHjBrFiN 

14a 

8-CF, 

COOII 

COOII 

230-232  dec 

92 

c„h.f,no4 

14b 

7-CF, 

COOH 

COOH 

235-237  dec 

85 

C.tll.K.NOi 

14c 

7-F 

COOH 

COOII 

240-242  dec 

91 

C„lhFNO« 

14d 

7-Br 

COOH 

COOH 

94 

Not  anal. 

15a 

8-CF, 

H 

COOH 

232-235  dec* 

85 

C,iIl«F,NO, 

15b 

7-CF, 

H 

COOH 

283-286  dec*  4 

91 

C„H»F,NO, 

15c 

7-F 

II 

COOH 

289-290  dec* 

35 

Ci,H,FNO, 

15d 

7-Br 

II 

COOH 

247-250  dec' 

86 

C„H,BrNO, 

15e 

6-F 

PhMe 

.  COOIt 

274-275 

92 

CuHi'FNO, 

20a 

6-F 

CF, 

COOH 

207-209 

65 

CuH^NOi 

20b 

8-F 

CF, 

COOH 

218-220 

78 

C„IU\NO, 

25 

7-CF, 

II 

COOEt 

G7  4/J* 

91 

Not  anal. 

26 

6,8-Me* 

PhMe 

COOMe 

122-123 

SS 

C,oH„NO, 

27 

6,8-Me, 

PhMe 

COOEt 

117-118 

97 

C„H„NO, 

4a 

0,8-Mcj 

PhMe 

COCl 

138-139* 

67 

Ct,H„CINO 

Ca 

6,8-Me, 

PhMe 

COMe 

123.5-124.5 

72 

CmIIiiN  o 

6b 

6-Mc 

.PhMe 

COMe 

117-118 

86 

C,tIIiiNO 

6c 

'-Me 

PhOMe 

COMo 

123-124 

8? 

c„n17No, 

6d 

6-Me 

PhF 

COMe 

116-118 

68 

ChIIuFNO 

6e 

6-Me 

PhCi 

COMe 

133-134 

85 

CulIuClNO 

6f 

6,8-Me, 

PhOMe 

COMe 

101-102 

81 

CioHnNO, 

24 

6,8-Me, 

PhCt 

COEt 

120-121 

65 

C*,H,.ClNO, 

28 

6,8-Me, 

PhMe 

COCHN, 

159-160 

78 

CmIIuNiO 

5a* 

G,S-Me, 

PhMe 

COCHiBr 

145-147 

88 

C;oHlsBrNO 

5b 

6*Mc 

PhMe 

COCH,Br 

132-135 

71 

CislIuBrNO 

5c 

6-Mc 

PhOMe 

COCIIjBr 

106-1 OS 

75 

C,»H,*BrNO, 

5d 

6-Me 

PhF 

COOII, Br 

13*1-130 

72 

CuIInBrFNO 

5e 

7-CF, 

H 

COCH,Br 

203-205  dec* 

63 

C,iH,BrF,NO*  HBr1 

7a 

7-CF, 

H 

CH— CUt 

60-62* 

72 

Ci,H,K,NOr 

\y 

o 

9a 

6-Me 

CF, 

CHfCONH* 

200 

20 

Ci,HuClF,N,Or 

9b 

6-Cl 

CF, 

C II, CON  II, 

260-261 

50 

C,,1I.C!F,N,0 

21a 

6-F 

CF, 

COPy 

121-122 

90 

ChH,F4NiO 

21b 

8-F 

CF, 

COPy 

130-132 

62 

c„h,f4n,o 

21c 

6-F 

PhMe 

COPy 

172-174 

49 

C,tHi>FN,0 

11a 

S-CF, 

11  • 

COPy 

141-141. 5 

76 

C,ilI,F,N,0 

lib 

7-CK, 

a 

COPy 

118-119.5 

16 

CuH,F,N,0 

17 

7-CF, 

Py 

COPy 

170-172" 

12 

C*,Hl5F,N,0 

22a 

6-F 

CF, 

CHOIIPy 

123-128 

97 

C,*H|0F4N,O 

22b 

8-CF, 

H 

CHOlIPy 

133-134 

76 

C„HuF,N,0 

2a 

6-F 

PhMe 

CHOIIPip 

165-1 08 

33 

C«H»FN,0 

2b 

6-F 

CF, 

CHOU  Pip 

256-258  dec 

73 

C,»H,«F|N,0-I1C1 

2c 

8-F 

OF, 

CHOIIPip 

275-278  dec 

62 

Ci.1I,»F,N,0-HCl* 

2d 

8-CF, 

a 

ciioiiPip 

204-200  dec* 

4 

C,*H„F,N  sO*  HCP 

10- 

S-CF, 

a 

CHOIIPip 

182-185" 

6-46 

ChII„F,N,0' 

la 

6,8-Me, 

PhMe 

CHOHfltNKt, 

217-219  dec* 

92 

Ci«HmNi  o-hcp 

lb(  •  HCl) 

6,8-Me, 

PhMe 

CHOHCHjNBu.nCl 

200-202* 

93 

C„HwN,OHCP 

lb(b»sc) 

CHOHCHiNBvt, 

78-79* 

C,#HuN,() 

lc 

7-CI 

If 

CIlOHClItNT.tf 

135-138  dec" 

42 

CiJ!uClX,0-IICI’ 

Id 

7-CF, 

a 

CHOI!CH,NBii,  S* 

90-97* 

51 

C„H«K,N,0/ 

•  10  is  the  1 ,2,3,4*  tcirnhydroquinuliitc,  *  Ph  »  phenyl  substituent  para;  Py  =  2-pyridyl;  Pip  »  2-pipcrid>l.  r  Id:  S  -  sue* 
cinicacid.  *der  *  melts  with  decomposition.  •  I  VenrlMiwbilioii solvent,  Ph»0;  '  1*1, NO;.  *  Him  i yMnlli/.ation  *ulvcnt,  KtOII,  unless 
otherwise  specified  a*  follows:  *  2-  moth*  *.\v  filial  ml;  *  hexane;  'AeOKt;  *  Act  III;  1  isnoctane;  "MeCN;  "  /-PiOll-lh.-O;  *  KlOH- 
KtjO;  f  Me?Cf  spoilt  a  tie.  «  Within  :i.  0.4c.f>  and  for  t  \  II,  e\*vpi  v.hcn  mhorwee  specified:  *  for  O,  II.  N,  *  for  l\  II,  F;  1  for 
C,  11,  Hr;  •  fur  N.  *  C:  <aled  02.56,  found  62.00.  *  C  ,  II:  eahil  49. 9»,  2  77,  found,  49  ‘>2,  2.US  J  C:  eded,  52  OS  found,  ad. 29. 
*  A.  L.  Crosby,  M.  S  Thr*>K.  I 'iiivrrMlv  of  Vinrinbi  Vn  i*‘VJ 
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Aminoa lcohols  of  Type  L. 

Synthetic  efforts  were  frustrated 
by  the  facility  of  displacement  of  one 
F-atoni  and  were  discontinued.  The 
yields  of  cinchophens  2_  (and  3>  by 
-accompanying  ethanolysis)  were  greatly 
improved  by  the  modified  Pfitzinger 
procedure.  Reactions  with  2-PyLi  in 
Et20-TIIF  or  Et20  gave  2-pyridyl  ketone 
and  dipyridyl  ketone  6. 


COOH  COOH(Et) 

JOJ  [(  mO 

'"•7s/  nc«fg  'V'  „ 


Cl  3 1 


C6F4OEt 


2*  NaOMe ,MeQH 
reflux 


1  \ 


CF.OMe 


^gave  correct  analyses  (C,H,N) 
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V, 


Part 


■Tri  f  Hioroiv.cthvl-4-quinolip.c  Aminoa  1  coho  Is 


Anliinalarials.  II.U  «-(2-I*l|»critlyi)-  and 
a-(2-l*yridyl)-2-lrifhjoi‘i>in<*lliyl-1-<uiino!meincthanols,b 

Juuiimi  of  MoinimJ  OirMimcry,  il,  -67  {lUoSt. 

R0C.hR  M.  PlXUKU  AND  ALFRED  RlKCMR 
Di'iHwOf'  .»/  Chemistry,  t'niru^Uy  of  Virginia,  Charlottesville ,  Virginia  2&X)1 
Received  October  12,  '  %*? 

A  series  of  flr-(2-i>i|MTidylKMrifliu>nmu‘tiiyl  I-quinolmcmethuimU  was  synilie*i/rd  in  i fie  hope  that  replace¬ 
ment  of  2-aryl  l»v  2-CKj  would  liecmine  the  photosensitizing  qualities  of  the  2-arvl  analogs.  All  of  the  2-tri- 
tittoromclhyl  derivatives  carrying  ti-  or  N-t’Ha,  -CH30.  or  -Cl  Mibstiments  increased  the  survival  time  of  mice 
infected  with  Plu&moiUum  beryhei,  but  they  retained  photosensitizing  properties,  albeit  less  than  the  2-aryl-su  In¬ 
stituted  analogs. 


A  number  of  rt-(2-piperidyl)-4-quinolim*moth;inols;,l':{,J 
have  high  antiplasmodial  activity  in  avian  infections.4 
High  activity  is  associated  with  a  substituent  in  the  2 
position  of  the  quinoline  nucleus,  particularly  phenyl, 
which  will  prevent  oxidation  at  that  position;  the 
cinchona  alkaloids  and  related  compounds  are  rapidly 
biotransformed  in  man  to  the  inactive  carbostyril 
derivatives.5  The  most  promising  compound.  fi,S-di- 
ch  loro-2-pho  ay  1-  a-  (2-  p  i  p  e  r  idy  1)  ■ -4-q  ui  ucli  n  e  m  e  t  h  a  n  o  1, 
was  eighty  limes  more  active  than  quinine  against 
Plasmodium  cathcmcrium  in  the  duck,4  but  it  pro¬ 
duced  severe  photosensitivity  and  did  not  find  clinical 
use  in  man.6  There  is  renewed  interest  in  this  type 
of  aniimalarial,  both  because  it  is  firmly  bound  to 
host  tissues  and  slowly  released  and  therefore  has 
repository  properties,  and  because  it  has  shown  one  of 
the  highest  recorded  activities  against  Plasmodium 
beryhei  in  mice.7  It  has  been  theorized  that  photo¬ 
toxicity  arises  because  of  the  increased  resonance  con¬ 
jugation  from  the  2-arvl  group;7  a  trifiuoromethyl 
group  in  lieu  of  a  2-arvl  group  may  modify  this  prop¬ 
erty  and  still  prevent  oxidation  to  the  carbostyril. 
We  are  therefore  reporting  the  synthesis  and  antiinalar- 
ial  activity  of  a  series  of  a-(2-piperidyI)-2-trifiuoro- 
methyM-quinoIinemethanols  (I)  and  of  the  corre¬ 
sponding  a-(2-pyridyl)  compounds  (II)  which  represent 
a  new  type  of  analog. 

The  synthetic  approach  to  amino  alcohols  of  types  I 
and  II,  starting  fror*  the  corresponding  quinoIine-4- 
carboxylic  acids  (IV*) ,  is  outlined  in  Scheme  I  and  re¬ 
duces  the  number  of  steps  from  six2-*  to  t\vo.la  Addi¬ 
tion  of  2-lithiopvridine  to  the  acids  at  —  00°,  followed 

i  (1)00  Paper  I:  D.  W.  Hnykin.  Jr..  A.  R.  Fatel.  R.  K.  Lut*.  and  A. 
Burger,  J.  ff«ierocycl.  Chrm.,  4,  469  (1907).  (b)  This  murk  was  supported 

by  the  U.  S.  Army  Medical  K«*«t**rcb  and  Development  Command.  Contract 
No.  DA-40'K)3-M  1^23.55,.  Contribution  No.  297,  A.  Burner  and  R.  E*  Luts 
co- responsible  investigator*. 

(2)  A.  D.  Ainley  and  II.  Kin*.  Pror.  Hey,  Soc.  (London),  B135,  60  (1938). 

(3)  R.  Y.  Drown.  ft  ot.  J.  An.  Chfm.  Sor.,  U,  2705  11040):  K.  R.  Ruch- 
m*n  and  D.  K.  lluwton,  Co  it.,  68,  27  IS  (1040);  K.  R.  Iturhman.  H.  Sargent, 
T.  C  M yen.  and  D.  K.  Ilnwtun.  Cud..  68  ,  2710  (10  Pi);  K.  It.  Bu'duimn.  II. 
Sarnetil,  T.  Myers  and  J.  A.  Srnrker.  iM,,  68,  2092  ( 1916);  J.  II.  Koi-pfli, 
M.  M.  Rapport.  A.  L.  Senear,  and  J.  F.  Mead.  ifc»d.,  68,  2697  (1946);  H. 

K.  Lul*.  et  at.,  »!»»,/.,  68,  1SI.I  <  !'»-*«*> ;  J.  F.  M»*d.  A.  K.  Snienr,  and  J.  H. 

Koepfti,  %hui..  68.  2709  t  I'»  !•*..;  M.  Sargent.  iftid..  68,  2697  U9I6);  R.  A. 
Seibert,  T  R.  N<»rt*  n,  A  V.  I-  usmi.  and  K  'V  Ref^-’rom.  Cm/.,  66,  2721 
(1916);  A.  1.  S^niitr,  If  Saryent.  J.  K.  Aie**d,  mid  J.  ft.  fvoeplft,  i /»»•/.,  68, 
2o05  (iPIrt);  S.  \Viv.-:,'iri.  I*.  Ja-o1**.  hi.  h.  I.evy,  1  >.  Seymour,  <i.  H, 

Linden,  and  It.  It.  Henderson,  Cod.,  68,  Jill  ll'Jlnt. 

(4)  F.  V.  Wmel-iite.  \  Sur.ev  ol  An  lima  hi  rial  Drum  hMI-|945,”  J. 
W.  Fd  wards.  Ann  Arbor,  Mu  h.,  1940. 

(5)  K.  T.  Wd’iaani,  *  I  Utu\»ration  Merhanimia.”  John  Wiley  ar.d  Son*. 
Inc.,  New  York,  N.  Y.,  19 *»9.  p •».* 5. 

(6)  T.  N.  Pin'm.-in.  It.  f*rm.r.  A  S.  \l\inc.  C.  M.  W  Imrlun.  II.  Jou««.  and 

L.  Kirlulhcrrer.  J.  c,  I  -I  lner*t  ,  27  iSuppl.J,  1 2  *  191.11. 

(7)  1).  1*.  .'•i'uimm,  Amtrais,  l.Vtr-l  .‘im  n.i!  Me*  .iv.e  u(  the  Xmernan 

Cbcunca!  ic» y,  l)e*t  h,  Ha..  April  109*.  M  v 


SCHKMK  I 


CHOH^p 


fj 


hv  hydrolysis,  gave  the  pyridyl  ketones  (III).  Cata¬ 
lytic  hydrogenation  of  III  selectively  reduced  the  car¬ 
bonyl  group  and  the  pyridine  uudeus  without  attacking 
the  qunoline  nucleus,  giving  the  amino  alcohols  of  type 
I,  while  reduction  with  sodium  borohvdride  gave  amino 
alcohols  of  type  II. 

The  2-trifluoromcthylcinehoninic  acids  (IV)  were 
prepared  by  the  route  outlined  in  Scheme  II.  Con¬ 
densation  of  a  substituted  aniline  (V)  with  ethyl  4,4,4- 
trifiuoroacctoacctate8  in  the  presence  of  poly  phosphoric 


ScilEUE  II 


IV  IX 


iS)  J.  Hurduo  xnl  V,  C\  |(.  M»  I.i»in.!.,ri,  T*i> 


■I'.rCr.iM,  30,  V  .(».i  19ii  I* 
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Tahi.k  l 


Antim  U.AU1AI.  AlTlVIT*  UK 

<«-(  2-1*1  rUI{IinL)-2 -Tit  IKLlUlIU ».MKTIIYI.-l-ql  INul.INKMKTIlANOLS* 


320  (2) 


040  (4) 

6-Cl  b 

100  (0) 

7.  1 

320  (0) 

7.5 

040  (0) 

8.5 

S-CHj 

100  (0) 

7.3 

320  (1) 

640  (5) 

6(S-(CIIj)i 

100  (0) 

S3 

320  (2) 


G40  (3) 

6-Cl  160  (0) 

320  (0) 
640  (1) 


i  .  i) 

S.  7 


“Tests  were  carried  out  in  mire  infected  with  P.  beryhci ,1J 
Test  results  were  supplied  by  Walter  Heed  Army  Institute  of  Re¬ 
search,  Washington,  D.  C,  Enhancement  in  survival  time  of 
treated  animals  is  regarded  as  evidence  of  antimalarial  activity. 
A  compound  is  considered  active  if  the  mean  survival  time  of  the 
treated  group  is  more  than  double  the  mean  survival  time  (7.0 
±  0.5  days)  of  the  centre 1  group;  it  is  said  to  be  curative  when 
the  animal  survives  up  to  *  J  days 


acid  gave  only  the  4-quinolinols  (VI).  This  reaction 
with  ethyl  acetoacctate  itself  gives  a  mixture  of  the  2- 
and  4-quinolinols,  depending  upon  whether  the  amine 
reacts  with  the  ester  or  the  /tf-keto  group.9  The  elec¬ 
tron-withdrawing  power  of  the  trifluoromethyl  group 
apparently  leads  to  exclusive  reaction  of  the  (now)  elec¬ 
tronegative  £-keto  group  with  the  amine.10  The 
4-quinolinols  were  hrominated11  or  chlorinated10  with 
phosphorus  oxyhromidc  or  oxychloride  in  excellent 
yields.  The  4-bromoquinolines  (VII)  reacted  readily 
with  n-butyllithium  at  —35°,  and  treatment  of  the 
resulting  lithioquinolines  with  dry  C02  gave  the  re¬ 
quired  cinchoninic  acids  (IV).  The  4-chloroquinolines 
(VIII)  were  converted  to  the  corresponding  nitriles  by 
reaction  with  cuprous  cyanide  in  N-methylpyrroIi- 
doue,12  and  the  nitriles  were  then  hydrolyzed  to  the 
cinchoninic  acids. 

Biological  Data. — The  antimalarial  test13  data  for 
the  a-(2-pipcridyl)-2-trifluoromethy!-4-c|uinolinemeth- 
anols  are  listed  in  Table  I.  These  compounds  possessed 
moderate  antimalarial  activity  but  were  photosensitiz¬ 
ing.  The  miMibst  ituted  a-2-piperi<lyl-2-trifluorumeth- 
yl-4-qiiinolitieinethanol.  however,  was  inactive.  The 
corresponding  rt-(2-pyridvl)  compounds  were  inactive, 
but  did  not  cause  pliotosensitization. 


C*>  It.  C.  UMfitn-M,  " UrNTfM’trlir  ( 'ompoun-la,' '  V.»l.  IV.  Julin  WiU-y 
ttitii  Snn»,  Ini*.,  N<‘w  ^.rk,  N  'i  ,  I'l’.i.  j.  :  «». 

UQJ  A.  S.  Dev  and  M.  M.  JcmMi**,  J.  IhUroeytl.  Chrm..  J,  1 1.f  \ 

(ID  r.  K.  KmmIuw  a ii< I  W,  U.  l.aMliiri.  J.  Am.  Chrm.  Sor.,  72,  1721 
OOVt). 

(I-)  M.  S.  Newman  ami  H.  Ui^lrn,  J.  thy  Chrm  ,  22,  ‘JAJ’  t 
(II)  r.  S.  Oadriif,  1*.  It.  K iisnell.  and  L.  IUim>,  J.  \ /»,/.  Chrm.,  10,  III 
(  1987). 


experimental  Section 

.Welling  points  Acre  determined  in  ;i  capillary  jnclliiif'  'mini 
bath  ami  are  uneorreeted.  Where  analyses  are  militated  only 
by  symbol*  of  ttm  elements,  analytical  results  obtained  for  t/iosC 
elements  were  within  zMI.I','.  of  the  theoretiral  values. 

In  accordance  with  previous  observations11  regarding  the  prop¬ 
erties  of  2-tnfluoromethylqiiim. lines,  the  compounds  described 
herein  did  not  form  salts  due  to  the  derrea-ed  basicity  of  the 
quinoline  nitrogen  atom.  The  2-tri(luoromethy|-4-quin<>linoU 
(Table  II)  and  2-lriH'ioromethyl-4-chloroqutnoliiies  (Table  III) 
Were  prepared  according  to  l)ey  and  Jonllic. 10 

Table  II 

2 -Till  FLUUltUM  ETII V  L-*l-q  U 1 N  U  LI  NOLS 

OH 


R 

Yield,  % 

Mp.  °Ca 

Formula** 

6-CI 

70 

271-275 

CioHsCIFjNO 

8-CI 

55 

134-135 

CtoIIbClEjNO 

0,8-CI* 

5S 

1S0-1S) 

CiolbCbFaNO 

0,S-(CH3)5 

65 

150-151 

CnHtoFjNO 

“  Recrystallized  from  KtOII.  6  All  compounds  were  analyzed 
for  C,  H,  N.  Their  ir  spectra  were  as  expt*  'ted.  e  N:  calcd, 
5.32;  found,  5.S2. 


Table  III 

2-Tkifluouomethylquinoune  Derivatives 


u 

X 

Yield.  % 

Mp,  °Ca 

Formula* 

II 

Br 

80 

3S-39 

CicJUBrFjN 

H 

CN 

63 

130-131 

C,iHiFiN?e 

6-CIfj 

Br 

91 

70-71 

CnH,BrF,N 

6,8-(CIbb 

Br 

95 

115-116 

CuHoBrFiX 

6,S-(CHs)2 

Cl 

95 

99-101 

CitlljClFjN 

6,8-(CIIj)j 

CN 

70 

126-127 

CuHjFjNj 

S-CII, 

CN 

65 

S0-S1 

C»IbFaN2 

6-Cl 

Br 

90 

119-120 

CjpIbBrClFjN 

6-Cl 

Cl 

92 

103-104.5 

CwIbCl.FjN- 

6-Cl 

CN 

51 

142-143 

C,»H,C1K,N* 

8-CI 

Cl 

84 

5S.5-59.5 

CioIIiCIjFiN 

S-Cl 

CN 

42 

167-169 

CnIbCIFjN 

6,8-Ch 

Br 

97 

75-76 

Cl0HaBrCl2F,N 

6,8-Cb 

Cl 

88 

75-76 

C,oH*Cl*F,N 

6-OCIJj 

Br 

92 

124-125 

CnlbBrFjNO 

•  Recrystallized  from  EtOH.  6  All  compounds  were  analyzed 
for  C,  II,  N,  Their  ir  spectra  were  as  expected.  e  N:  calcd, 
12.61;  found,  12.20.  d  C:  calcd,  45.13;  found,  45.56. 


2-TrifIuoromethyl-4-bromoquinolines  (Table  III).  In  a 

typical  preparation,  a  mixture  of  2-triIlnoromcthvl-4-quinnlinn! 
(30  g,  0.14  mole)  and  POBrj  (57  g,  0.2  mole)  was  stirred  at  I  Hi* 
for  3  hr.  The  warm  mixture  was  poured  into  ire  water  (600  ml), 
and  the  solid  material  was  filtered  olT  and  recry.st  alii  zed  from 
EtOH,  yield  31  g. 

2-Trifluoromethvlcinrhoninic  Acids  (Table  IV).  A.  In  a 
typical  example,  a  solid  ion  of  4-bmmo-2-tnfliinromethylqumoline 
(55  g,  0.2  mole)  in  dry  ether  (600  ml)  was  added  over  15  min  to 
an  Kt-O  solution  of  n-llul.t  fprepareii  fnun  3.5  g  nf  I.i  wire  and 
35  g,  0.25  mole,  of  rf-linltrl,  stirred  under  N;  at  —35"  f>*r  20  nun, 
and  was  then  fHiiued,  with  vigorous  stirring,  onto  powdensj 
solid  CO*.  After  removal  of  ether,  the  re-idiie  was  dissolved  m 
If  A  >  and  t fie  acid  precipitated  by  careful  :o  idifieat  ion  «  it  h  Art  l|  J . 
The  cnllerted  Milid  \\;ls  tcervw alll/ed  from  ElOAr,  yield  51  g. 

B. —  The  4h  liloriN|iiitiolines  were  convert isl  in  the  l-i m- 
rhomnonit riles  (Table  III)  by  the  method  of  Newman  and 
linden.13  In  a  typical  hydrolysis,  a  inixluie  of  N  met l»y  1-2- 
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Tama  JV 

2-TKIKLUOUuMtTllVLgUlNOLlNtCAUbuAVLlC  AtUUS 

COM 


u 

MpUkhI 

Yield.  <:;* 

Mr.  °i? 

Formula*' 

II 

A,  B 

05, 51 

190-197 

t‘l|lI,F,NO- 

(hCllj 

A 

67 

215-210 

Ci3II,FiNOs 

S-CII| 

B 

31 

199-200 

Coll,  F*  NO, 

6,S-(CHi)a 

A,B 

(52, 03 

224-220 

CnlYi,FiNOt 

(hCI 

A,  B 

72,  71 

220-227 

CiiIWIK.NCV 

8-C1 

B 

18 

210-212 

C,ilI|ClF»NUt* 

G-OClIi 

A 

63 

238-239 

C,5H,FjNO* 

*  Yield  from  sequence  B  is  based  on  the  starting  4-chloro- 
quinoliucs.  6  Itccrvstallizcd  from  EtOAc.  e  Sec  footnote  />, 
Table  III.  d  C: .  cak'd,  47.03;  fotmd,  -47.30.  •  No  N  anal}. sib. 


Table  V 

2-T Ul  KLUOKOMETll  Y  L-4-P  YH I  DO  Y  LQ  U 1  NOLI N ES 


R 

Yield.  % 

Mp.  °Ca 

Formula 

Atmlynes 

II 

03 

130-132 

CmILFATO 

C,  II,  N 

0-CMIi 

00 

125-120 

c17h„f3n5o 

C,  H 

S-CIh 

04 

98-99 

CnHMF3N20 

C,  H,  N 

6,8-(CIIj)j 

73 

119-120 

C„HoFj\,0 

C,II 

6-C1 

48 

152-153 

Ci,H,C1F,N*(  ) 

C,  H 

8-C1 

31 

no-117 

Cu!IbC1FjNV> 

c,  u 

6,8-Ch 

34 

138-139 

Cm1IiCIiF»N*> 

C,  H,  N 

0-OCIf3 

07 

132-133 

C„H„F,NT,0, 

C,  II,  N 

•  Recrystallized  from  ElOII. 

trifhmromethylcinchoninonitrile  (23.0  g,  O.t  mole)  and  a  solution 
of  NaOIl  (12  g,  0.3  mole)  in  II..O  {.">0  ml)  ami  EtOll  (120  ml) 
was  stirred  under  reflux  for  12  hr.  The  solution  was  evaporated 
to  dryness,  and  the  residue  was  dissolved  in  11*0  and  filtered 
through  Colit e.  Tin*  clear  filtrate  was  acidified  by  dropwisc 
addition  of  AH >11,  and  the  white  precipitate  was  collected  and 
rccrvstallized  from  EtOAc,  yield  20  g. 

2-Pyridyl  4-Quinolyf  Ketones  (Table  V). — To  an  ethereal 
solution  of  n-lmtyllilhium  (0.03  mole)  at  —00°  was  a<lded  rapidly 
2-bromopyridinc  (S  g,  0.03  mole),  and  the  brown  mixture  was 
stirred  at  —  00°  for  l  hr.  Finely  jsmdered  O-imMhoxy-2-lri- 
flnonuneihvlciuclioiiitiir  acid  ( 3.  4  g,  0.02  mole)  was  added  all  at 
once  and  the  mixture  w:e-  Mirml  at  —  tltT  for  2  hr.  It.  was  al¬ 
lowed  to  warm  to  room  temperature  and  then  hydrolyzed  by 
addition  of  HjO.  Tlie  ether  layer  was  dried  (MgSOO  and  distilled 


Table  VI 

2-T m  l  LU  uliOM  ETU  Y Ul  U 1  IiULlNK-4-M LTH  A  N  OL  D  t  Ul  V  ATI  *  La 


CHOHX 


Yii’IJ,  Hecostn 


U 

X“ 

To 

Mp.  °C 

solvent 

Formula' 

li 

Pip 

50 

254-255 

EtOli 

CuHtiF,NiO*  I1CI 

H 

Pyr 

SO 

1 15-1 16 

MeOll 

CtilliiFiNsO 

6-Clla 

eip 

66 

254-256 

EtOll 

CitH»,FiN30*  HC*1 

6-Clla 

Pyr 

01 

no- 140 

EtOll 

C,tH,iF,NtO 

8-CHi 

Pip 

60 

284-286 

Eton 

CnHiiK*NfO*  HCl 

S-Cllj 

Pyr 

100 

120-122 

McOH- 

C,Iff 

CullisFsNsO 

6.8-(Cll»b 

Pip 

55 

270-280 

EtOll 

CulInKaNiO-  IK *1 

6.8-(CHi)i 

Pyr 

86 

128-120 

MeOH- 

Ciiii 

C3,HiiFiN:0 

6-C1 

P»p 

45 

26.5-266 

Eton 

CrtHi.CH  iNrO*  HCl 

6-Cl 

Pyr 

80 

140-150 

EtOH-petr 

ether4 

CuHi#ClF»S*0 

S-Cl 

Pip 

28 

248-250 

EtOU 

Ci.HrtClFjNiO*  HClc 

8-Ct 

Pyr 

78 

124-125 

MeOH- 

C’«H» 

CwHrtClFiNrO 

Pip 

03 

262-264 

EtOH 

CwllrtCl»F»N:0- HCl 

6.8-Cl* 

Pyr 

8a 

138—139 

EtOH-petr 

ether4 

CuHvCLFaNtO 

O-OCH, 

Pip 

52 

241-242 

EtOH 

CnHtsFsNfOi-llCI 

6-OCH, 

Pyr 

100 

172-173 

MtOJI 

CnHiiFiNsOi 

•  Pip 

=  2- 

pipcridyl; 

.  Pyr  - 

2-pyridyl. 

k  See  footnote  i 

Table  III.  c  N:  ealed, .7.33;  found,  7.80.  d  Bp  30-00°. 

to  give  a  yellow  solid,  which  was  recrystallizcd  from  EtOll  as 
yellow  needles,  yield  4.7  g. 

nr»/ 2-Piperidyl)-2-trifluoromethyl-4-quinolinemethanol8  (Table 
VI). — A  solution  of  6-mcthoxy-2-trifluoromelhyl-4-quini>lyl  2- 
pyridyl  ketone  (4  g)  in  EtOll  (300  ml)  containing  1  molar  oquiv 
of  llCt  was  shaken  with  PtO*  (200  mg)  at.  2.8  kg/cm :  under  If*. 
The  reduction  was  stopped  when  4  equiv  of  Hi  had  been  absorbed; 
the  catalyst  was  filtered  oil,  and  the  residue  was  concentrated 
until  crystallization  began.  Recrys Utilization  from  EtOll  gave 
white  needles,  yield  2.2  g. 

a-(2-PyruIyl)-2-trHluorornethyl-4-quinolinemethanols  (Table 
VI). — NalUh  (0.2(5  g,  0.007  mole)  was  added  portionwise  to  a 
stirred  solution  of  (5-mcthoxy-2-trifluoromethyl-4-quinolyl  2- 
pyridyl  ketone  (2.2  g,  0.007  mole)  in  MeOll  (200  ml),  and  the 
mixture  was  stirred  at  room  temperature  for  2  hr.  MeOH  w:is 
removed  under  reduced  p assure  and  the  residue  was  taken  up 
in  ether,  washed  (H4>),  and  dried  (MgS<h).  The  ether  was 
distilled,  and  flic  residue  was  rccrystalli/od  from  Met >11,  yield 
2.3  g. 

Acknowledgment*— -This  study  lias  profiled  from 
frequent  and  helpful  discussions  with  Professor  U.  1*1. 
Lutz  and  Drs.  I).  \V.  Boykin,  ,Jr.f  and  A.  K.  Patel  of 
the  University  of  Virginia. 
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V.  Fart:  2.  (continued) 
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The  2,6-,  2,7-,  ami  2,Sd>Ls('trifhionMiu*tliylFtt-(2-piperiiIyOquimIiucimU.h:iiiols,  and  the  G-methoxy  derivative 
of  the  latter,  have  been  synthesized  from  the  appropriate  4-quinnl<me>,  through  the  4-bromo<(iiiui>lines,  CO* 
earhoxvlations  of  the  4-Li  derivatives,  additions  of  2-PyrLi.  and  Ih  Pt  reductions  of  the  resulting  pyridyl  ketones. 
An  attempt  to  obtain  the  2,Vbisttrifluoromethyl)  analog  utilized  the  corresponding  4-quinolone  binned  as  a  by¬ 
product  in  the  synthesis  of  the  2,7  isomer;  addition  of  the  4-Li  derivative  to  2-pvridaIdehyde  gave  the  cr-pyridyi- 
methanol,  but  subsequent  H  >  Pt  reduction  of  this  gave  only  t he  4-dihydroquinolone-ar-(2-piperidyl)meLhanol. 


The  a-(2-pippridyl)-2-trifluoromethyl-4-quiuoline- 
methanols  carrying  (HTI3,  (/IE,  or  Cl  in  positions  0 
or  8  have  consistently  shown  only  moderate  or  slight 
antimalarial  activities  against  Plasmodium  berghei  in 
mice,  aiul  they  were  also  moderately  phototoxic. 3a 
The  synthesis  of  the  2,S-bis(trifluoromethyl)  analog, 
I,  begun  before  decision  had  been  made  to  terminate 
work  in  this  series,  was  nevertheless  completed1®  for 
comparison  with  the  D-phenanthrene  amino  alcohols 
where  3,6-disubsti*utinn  of  (T3  groups  had  brought  a 
very  considerable  increase  in  antimalarial  activity.4 
When  this  compd  1  proved  to  be  curative  at  20 
mg/kgld’°nnd  relatively  nonphototoxic,1'1'6  the  synthesis 
of  the  2,7  and  2,0  analogs  3  and  4  were  undertaken  to 
initiate  evaluation  of  the  pharmacological  effects  of 
different  nuclear  positions  of  2  or  more  CF3  groups 
with  or  without  additional  substituents. 
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Four  target  drugs  14  were  synthesized  each  in  4 
steps  from  the  corresponding  4-quinolonrs  5a-5d  by 
adaptations  of  known  procedures,3,7  as  follows.  Con¬ 
version  by  FOlhj  into  the  4-bromoquinoIines  6a-6d 

(I)  (a)  Tliis  work  wit*  anppon nl  l>v  tin*  U.  S.  \rmv  Mniiral  U  <*!•<’ a  rrh 
an<l  |)rvrln|iti)i'nl  I  iiiniiuti'l.  o;i  i  <•  ul  iln*  Surpron  I irnrra! ;  ('«»ntracl  N») 
DA-lrt-1  U,i-M P It.  I".  I.ni*.  Im t-rnatnr.  (In  Cun- 

trilmtinn  No.  *J’/7  nf  t !*•»  \rtn\  iO-x-urrh  I’roirnitn  mi  Malaria,  w)  I'rr 
srntrd  in  pari  M  i Sun  I In  -I  \mrnmn  Uhrnurnl  S,««-*rlv  Mfrtiim. 

K icltnn iruJ,  Va  ,  Nn\  I  n.*  \l.*ir:n'  JY**.  n|>  AnimiaOriil  (p^t 

9U|»|ili»,,l  l>\  l  lit*  \\  n’t  it  lift'd  A  inn  I  ti*  •  it  ill**  of  Ili'ii'iitili. 

i-l  ['iwtdt»rt  "t  al  U  «■-*•  ir<i  (  \ (li- 

CH  (ill  It  M  l‘.:.  in  .ind  \  I *.m r-ri  t.  U.d  t  l  t  «n  II.  1‘ll.K,;  (hi 
A.  H.  V*ie\.  <  .  .1.  ( lit niM.it  i>t ,  l»  I'  <  !td..r  I.  A.  11  <'r..On  and  |{  1.  1  ,1*. 

1«,  n.4H  (U*;i  <  hi  1».  V\  .  l<i  km.  \.  |{.  Caitd.  and  It.  K.  I.  no,  »»>»*/..  11, 

IST.HtuflH). 

(4)  K.  A.  NirthtT.  <(  t/  .  in  i-n't  aralittti. 

(51  T.  S.  o*.l.  n«.  I’.  I».  H'wwll,  and  L.  Han*.  J  .U.«f.  Chun  10.  431 

t»i  W.  K.  killin'  and  I  •  P.  .lai’i*1  HM.  11.  IM»  il'.iwH). 

(7)  A.  S.  and  M.  M.  I'.-i.iv-.  f.  ihb  Ch*m  a.  lid  I'hV.). 


and  CCb  carboxvlation  of  t he  4-Li  derivative  gave  cin- 
choninic  acids  7a-7d.  Addition  of  2-PyrLi  gave  the 
pyridyl  ketones  9a  9d,  but  only  9a. b  were  obtained  in 
good  yields;  9d  was  best  obtained  through  the  ester 
8d.  Reductions  with  H2/Pt  gave  good  yields  of  1  and 
2,  but  mediocre  yields  of  3  and  4. 


0 


5a— 5e 


POBr, 


1.  BuLi* 

6a— 6c  ZCO, 


QCOOH 

7a-7d 


QCOOMe 

8d 


IpyrLi  ( — 6*  ) 

▼  H, 

QCOPy  1-4 
9a-9d 


Pt 


Q  =  substituted  4-quinolvl;  Pyr  -  2-pyridyI;  a,  R  =  8-CFj; 
b,  It  =  8-C>V6-0aMe;  c  If  «'7-CF d,  R  -  6-CF,;  e,  R  - 
VO  F, 


The  4-quinolones  5a  5e  were  obtained  by  PPA  con¬ 
densation  of  the  appropriate  trifluoromethylaniline 
(10)  and  ethyl  4,1,4-trifluoroacetoacetate  in  adaptation 
of  previously  described  procedures.3®*7  However,  3-tri- 
fluoromethylamline  gave  a  mixture  of  2,7-  and  2,5-bis- 
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(trifluoromethyl)quinoloncs,  5c  and  5e;  this  was  best 
converted  directly  to  a  mixture  of  the  4-hromo  deriv¬ 
atives,  at  which  point  it  was  separated  into  6c  and  Ce. 

The  addition  of  2-PyrLi  to  2,6-bis(trifluoromothyl)- 
choninic  acid  (7d)  gave,  besides  27%  of  the  pyridyl 
ketone  9d,  a  6%  yield  of  a  second  product  to  which  the 
structure  11  is  assigned  on  the  basis  of  anal,  and  ii\  ninr, 
and  mass  spectra.  The  latter  indicated  formation  of 
a  fragment  of  relative  intensity  100  corresponding  to 
loss  of  Hu,  and  another  of  32  corresponding  to  loss  of 
Pyr. 

The  formation  of  11  is  reasonably  interpreted  in 
terms  of  reversible  Michael  addition  of  2-PyrLi  to  the 
Li  carboxyl, ito  of  7d  to  give  dianion  12.  subsequent  loss 
of  COj  giving  the  new  diauinn  13,  followed  by  (/-alkyl¬ 
ation  by  BuUr  present  in  the  reagent  to  give  the  mono¬ 
anion  of  11.  It  may  be  signilieant  that  in  the  Pyr  Li 
reaction  with  ester  8d,  11  was  not  detected  as  a  product; 
and  the  pyridyl  ketone  9d  was  obtained  in  yield. 

In  utilizing  the*  limited  amount  of  2,5-hi.s(triflunro- 
inelhyl)*4-qiiiiiolotip  (5e).  produced  in  the  synthe>i.x 
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cYd- 


Taiilk  III 

2-TlUKU<moM I.TUY U-4-UlIM,[.INK  i  >!■ H1VATIVI..S- 


R' 


Compd 

R 

H' 

Mp.  °<- 

*'«’  Vlp|,t 

Analy.i.1' 

5il-  * 

N-CEj 

Oil 

I 2s  182 

75* 

ChII-.K»N(>» 

5b-</ 

O-OMe-S-C'Ka 

Oil 

172  174 

81 

C«H,F.N(). 

5c6*< 

7-CKa 

OH 

2SO-200 

l 

C,iHJ',N'(>* 

5d*  - 

6-CF3 

on 

270-2 S3 

70 

Cn!liK,NO< 

5e‘*6 

0-CK3 

on 

310-321  dee 

/ 

c„h4f,no« 

6a6*- 

S-CFj 

Mr 

62-64 

95 

C,iH,BrF»N* 

6b6-- 

6-OMe-S-CKa 

Hr 

164-166 

01 

C,,H,BrF,NO 

6c6*- 

7-0  K, 

Br 

106-1 0S 

07"* 

CuH.iirF.N* 

6d- 

6-CKj 

Br 

73-75 

77 

C„H,BrI>  iN* 

6e-* 

5-C  K  3 

Br 

40-51 

JSm 

Ci,n.BiF,N« 

7a* 

S-CFa 

coon 

22.S- 230.5 

so 

CltHjF«NO;' 

7b-* 

0-OMe-S-CFi 

coon 

246  24 S 

57 

CiiHsF.NOi 

7c* 

7-CFj 

coon 

100-200.5 

90 

CisH-,F»Nt).« 

7d* 

6-CF/ 

coon 

216-2 IS 

S7 

C,sHiF,NOj» 

Sd-*' 

6-CFj 

COOMe 

180  131.5 

100 

CuIItF.NO.« 

9a6*- 

K-OF, 

COPyr 

12S- 129.5 

61 

C„!I,K,Ns0 

9b6- 

O-O.Me-S^CK.3 

COPyr 

164-1 65 

00 

C|,II|oF«SjO; 

9c6-- 

7-CF3 

COFyr 

124.5-125.5 

27 

C»H'F«.\j<>’ 

9d6*' 

6-CF3 

COPyr 

ITS. 5-140 

i:p,  55" 

C„1T,F.\.()« 

14-  * 

5-0  Fa 

Cl  10*11  Pyr 

107-100 

37 

C,?11h,F»N<0 

P 

S-CFa 

CHOI!  Pip*  !I(*I 

2.59-260  de  • 

53 

CitHuCIF.NiO 

26 

0-0  M  e-NsC  K» 

cnonPip-nci 

20S- 300  dee 

N6 

C„!I„C1F,N,0. 

36 

7-0  Fa 

cnonpip-na 

244-245  dec 

24 

C„1l|iClF«N.O 

4e 

6-CF3 

CIlOHPipIICl 

197-100  dec 

22 

O191 1  i,CK  sN .() 

1,4-Dihydroquinolines 

I.V 

.%C  Fa 

H,  CTIOHPip  HC! 

108  dee/ 

27 

C„H„CIF,NV) 

11* 

6-CF3 

Pyr,  Hu 

170-171 

6 

C;uII„F6N. 

n  Pyr  —  2- pyr  idyl;  Pip  -  piporidyl.  Ueervstn  solvent,  or  other  purification  methods  are  indicated:  h  FtOH.  r  McC'S.  -iSuMimed. 
•  Uoxaiw.  *  C«1U.  0  Column  chromatog.  *  Ph.Mt*.  1  MeOIl.  >  Me.CO.  *  Yield  of  crude  reaction  product  which  was  used  directly 

in  the  next  step.  ;  Could  not  he  fully  sepd;  total  yield  of  mixt  after  erystn  front  KtOll,  70* m  Yield  of  pure  material  from  a  mixt  of 
5c  and  5e.  *  Yield  from  the  acid  7d.  0  Yield  front  the  ester  8d.  r  Anal,  wore  within  d:0.8r<  for  C,  H,  N  or  q  for  C\  II.  r  nnt  -27, 

242,  3.74  ( « ~ 3  ‘2.14, 0.0,  ltd ). 


6*Methoxy-2,8-bis(trifluorometh>T)-4-quinolone  (5b)  was  puri¬ 
fied  by  reeryMn  from  CMU  rather  than  the  often  less  elfective 
soln  in  base  and  pptn  by  acid.  * 4 

2,5-  and  2,7-Uis(  tritluoromethyl  )-4-bromoquinolines  (6e,c.) 

A  mixture  of  2,5-  and  2,7-bist  trifiuorniueihyl)- 4-quiuolones  (30.2 
g,  0.14  mole;  reervstd  from  KtOIl),  and  POBii  (57  g,  0  2  mole), 
was  stirred  at  140°  for  3  hr  and  poured  into  ice  ll/O.  The 
product  was  extd  with  Cll>Cl«  and  recrysld  front  bit  Oil,  giving 
pure  6c  (30.17  g,  fill1,*),  mp  104-100°.  The  residue  nbld  upon 
evaptt  of  the  KtOH  liquors  ( 1 5. Ill  g,  32  ),  was  ehromatogd  on  a 

5-cm  column  of  1  kg  of  Woelin  neutral  alumina  (activity  no.  1 ). 
Eluting  with  hexane  and  1,  2,  5,  and  I0rr  benzene  hexane  gave 
1.84  g  of  addtd  Gc  (total  yield  07f  f  ),  S.79  g  OS'  (  )  of  6e.  mp  47- 
50°,  and  a  small  quantity  of  .i  mixt  of  these. 

6-Methoxy-2,8-bis(trttluoromclhyl  )cinch«ninic  Acid  (7b). 
The  requited  4-I.i  derivative  was  prepd  by  at ldn  of  the  very 
slightly  Et/O-soi  4- Mr  deriv  6h  t « »  a  slight  excess  of  Hu  hi  in  atiltvd 
Kt;<)  amt  stirring  fur  2.5  hr.  Pouring  the  leurtiou  mixt  onto  dry 
powdered  C’tt.  gave  7b  i57r("  \  tup  2 10  2 tS°.  A  tleerease  in  the 
prepii  time  of  the  l.i  coinpd  lt*« I  to  a  decrease  in  the  yield  of  7b 
and  a  corre-pohding  inn  ease  in  recuveied  (»b. 

Methyl  2,(i-bisi irilluoromethyl  cinchuninate  t8d)  was  prepd  in 
(plant  \  leld  by  15-ium  n  lluMug  ,,t  a  Met ){ |  miIu  i*t  c»  nde  acid  chloi- 
ide  w  hn  h  had  been  |n  opd  bv  1 1n*  react  inn  of  7d  w  it  h  St  R  '1 .  1*2  In  ). 

«*-(  2-Pyrid)  I  -2,6-  and  -2.7- hi**  tritluoromethyl  ■- 4-quinoly I  ke¬ 


tones  (9c,d)  were  isolated  by  column  chvomatog  (Florisil. 
(•IKIj  ;is  eluent)  and  recrysld  from  KtOH.  COnen  of  reerv>tn 
liquors  from  9d  yielded  11  (O', ),  pale  yellow;  ir  (KBr)  8175 
cm'1  (NIT);  nmr  fCIK-b-l EMSO-r/*):  5  9.00  (>,  1,  Nil),  s.00 
(m,  1),  7.61  (in,  1),  7.12  (in,  5),  5.00  (s,  1,  11-8),  2.2  (m,  21,  0.05 
(m,  7);  ma>s  .spec  (70  eV)  in  r  ( rei  intensity)  400  (2),  3.sj  (5), 
348  (100),  322  (32),  808  (4),  273  (16),  7S  (20).  * 

a- ( 2-Pyridy  I  )-2,5-bis(  tritluoromethyl  i-4-quinolinomc(hanol 
(14).  A  soln  of  0.4  g  (0.00  mole)  of  2-p\  ridaldehyde  in  4(1  ml  of 
anhyd  Ki*(>  was  added  dropwise  at  —70°  under  Na  to  a  stirred 
Kt;()  soln  (150  ml)  of  2,5-bis(tri(hinroniethyl)-  1-qninoK  llithium 
[from  7.08  g  (0.023  mole)  of  6e  and  17.2  g  (0.05  mole)  of  22'  , 
BuLi  in  hexane  soluj,  with  stirring  for  an  nddnl  2  hr.  After 
hydrolysis  tlie  Kt4 )  layer  was  cvnpd  to  dryness,  and  the  residue 
was  ehromatogd  on  4t)0  g  of  Klorisil  ((’<41*  as  eluent  V  The 
crude  oil  obtd  was  leery  si  from  hexane,  3.01  g  of  14  (tan',  mp 
05  108°.  Sublimation  at  70°  t0.05  mm)  returned  8.10  g  (87‘  ,  ), 
mp  102  105° 

The  Ilis'trifluoromethi  I  >-<rW2-pipcridyl  >-4-quinolinctm*lhan<>ls 
(14)  and  the  5-Trifluoromelhyl-l ,4-dihydro  Derivative  15'. 
The  catalytic  hydrogenatiotis  of  9a  9d  and  of  |4  unc  rained 
out  by  published  piocedure  in  l.ttlll  with  I’ll),..1  ADei  hhi:i- 
I ton  liming!,  (’chu*.  the  i*.t<Ml  v\Ms  vacuum  evspd  (  4  ude  3 
and  4  were  null. illy  purified  by  ln1iuath*n  f *f  llie  rc*idtic  with 
15  1 1  and  tiliialitio 
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V.  Pa ft  5.  3 -Quinoline  Ami noa icohoLs . 


-23- 


AnliiiKilurials.  3.  a-Dihulylaminoim-thyl-  and 
« **!peri<lyl)-3"Cminolin<*HH*lhanolsl 
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Right  u-tlialkylununomcthyl-.'i-quinoliiicmcthariols  without  ‘2  .submit  non  ts  wrre  synthesized  from  4-qumolone- 
S-carboxylic  esters,  by  e*.  inversions  into  the  4-ehlnro  esters  atul  reductive  4-deehlorinai  ions,  and  thence  through  the 
acids,  di.tzornethyl  ketones,  and  epoxides.  Attempts  to  prepare  «-(*2-pi  per  idyl )  analogs  involved  complications 
due  to  nuclear  additions  of  2-py  ridy  Hi  I  hium  and  nonselectivity  in  hydrogenations  of  the  pyridyl  ketones.  One 
example,  a-(2-piperidylMvS-dimethyl-d~quinoliuemethanol,  fortuitously,  was  produced  by  Pi-1 1 2  on  4-chloro- 
G,8-dimethyl-3-quinolyl  2-pyridvl  ketone  (a  diasteroisomeric  mixture).  These  d-amino  alcohols  were  inactive 
against  Ulastnodium  berghei  in  mice. 


In  continuation  of  the  search  for  improved  antima- 
lurials,  eight  new  a-uniiimalkyl-li-quinolincincthaitols 
without  2  substitutents,11*  13,  have  been  synthesized 
under  the  program  of  moving  the  amino  alcohol  group 
away  from  the  4  location  in  quinine  and  its  many  syn¬ 
thetic  analogs.  The  hope  was  to  find  active  drugs  with 
a  minimum  of  the  phototoxicity  so  common  to  the 
2-ary I-4-ainino  alcohols.  As  features  of  possible  signifi¬ 
cance,  these  compounds  lack  the  quasiconjugatiun  of 
the  amino  alcohol  group  with  the  quinoline  nuclear 
C—N—C  system  which  is  involved  in  the  4-quinoline 
amino  alcohol  scries,  and  they  have  two  rather  than 
three  nuclear  carbons  intervening  between  the  quinoline 
N  and  the  amino  alcohol  group. 


obtainable  by  condensation  of  the  appropriate  aniline 
with  ethoxvmethylcnemalonate  ester.3  Six  4-chloro 
esters  5af  were  made  from  those  by  the  action  of  POCIj. 

Reductive  4-dechlorinations  of  5  to  6  were  accom¬ 
plished  bv  variations  of  previously  reported  hydro- 
genulyscs,  using  Pd-C4  or  Raney  Xi5  as  catalyst.  In 
four  cases,  5a,  c,  d,  antJf,  the  dechlorinations  proceeded 
well  using  10%  Pd-C  in  glacial  AcOH  at  50®.  How¬ 
ever,  5e  under  these  conditions  gave  low  and  nonrepro- 
duciblc  yields  of  6e  along  with  an  overreduction  prod¬ 
uct,  the  1,4-dihydroquinoline  7e;  and  when  the  Pd-C 
reduction  was  carried  out  in  ethanolic  KOII  at  50°  the 
dihydroquinoline  7e  became  the  chief  product  (01%). 
This  dihydro  compound  7e  in  a  second  step  underwent 


The  starting  materials  for  these  synthesis  wore  the 
4-quinolonc-3-carboxylic  esters  4a  g  which  were  easily 


*  To  whom  correspondence  In*  nddres-rd 

(l)  'a)  Supported  l*y  l'.  S.  \rrny  Mnlir'il  l{e*«urc|i  and  Development 
rnmnun.I.Conirnrt  No.  DA- T'-Pi-i-M  I  >-2,»r».V  d>)  ('ontrilnititin  No  s-,;,  to 

the  Army  llc.irurcli  Medical  ( *r« *i£t ;mt « •  ti  Malaria,  It  K.  Loir.,  K^iMinMhlr  In- 
rraiurator.  (ci  Work  reported  at  the  Ite^nmal  American  (’lieimral 

Society  Alrrtiiu!,  Iticlunoii  I.  \  a.,  N,.>  1  *•*.*.».  :»i  -tract  J  ».i»  An  i-id<-|.eu> 
»le«t  and  parallel  program  of  «\nil.rM  of  m\  «.-.iiulk>  hwmuonteihyl 

cMorophem  |J-  {•.(iiinojjro'MM't j'in"h  I  Kern  completed  * i r>«  r  foul  met 
DADA-17.1.7  (  t«  i r  1 1  MntiMMo  KiNPin  fi  i  \.rp  ,  M:h»,  l*.  1’ 

Donovan  amt  \\  .  I(.  Smish.  "S\ Annin.dutial 
DniKj  .Pi  mi  I  Urpott.  M a>  piirt.  \ninii!  I’nurri"  itcpori.  I  el»  I .  Por 
roint'ttriKon.  nml  with  i.iruit-M  m  ot  \\lt\llt  .md  t !  ,«• 

Corp..  f  tie  0  ammr>  a)«  o|,oU  jir.-  Jcted  »r>  'J  .dde  VII.  experimental  detail*.  nre 
to  l-e  found  in  t  In*  report*  rued. 

Ci)  (a)  IV**i ■  |ij< ior.il  Itt-M ari-li  \**i.tant:  1 1  *  1  M.  S.  The-i*.,  I'nix  cruix  of 
Virginia,  P.M***;  ir>  preliminary  woik  toward  -tainou  mai.  riaN  wan  dour 
t  l>y  D.  I*.  (’Itilord  and  \.  It.  l*ai#d,  l’*j«Morinr:(|  lt*<.>;trHi 


S  dehydrogenation  in  good  yield  to  the  desired  3-carb- 
clhoxyquiiiulinc  6e. 

Attempted  Pd-C  and  Raney  Ni  4-moiiodchalugcna- 
tion  of  tire  4tf»,«S-trichloro  derivative  5b  was  unsuccess¬ 
ful.  However.  XalHI4  reduction  of  5b  in  cold  '2-me- 
t hoxyethanol  gave  the  dihydro-4-dohnlogennfcd  ester  7h 
(30%)  along  with  4,t>pS-trichlnro-3-quinoliiiciiicthautil 
^Sb),  a-tvMilt  consistent  with  published  observal ions.*  *’ 

t  i)  (a)  I '.  (’.  Price  and  It.  M.  Holier!*.  7.  1ru*r.  Chrm.  .SV  ,  68.  1201 
itUir,).  (M  t.  II.  WilkitiMin.  7.  ('him.  Sue..  Hi  I  il'.i.VH,  lr>  11  Hiet'el,  rt 
til  ,  J .  Iwiir  ('firm,  .W,,  U,  |2til 

1 1 1  (\l!  K.:*l»o\  and  W  .  It .  I  link.  J .  (hu.  O.i  m  IS,  AAi  I  '*  ‘>1 ) 

<.r»)  (a)  It.  I.,  I.utr,  \«.lilnirii,  and  It.  J.  Kowh-il.  Jr..  ./.  ,\ntrr.  m. 
Sof..  St,  i  v*j  1 1  •)  I  ni .  fl.i  \  S.  Diu  and  M.  M  lonlo'  ./  th  ri .  Ch.m  , 
S,  113  1 1  *.'•(  t' .  u-l  k.  N.  I  him i >1  *cM .  if  •»/..  7.  (f uf.  Cf hm..  It,  111  i  i,  | <i |>i  . 

(ft)  (a)  r,*  V.  Ualkrr  ittol  It.  V  UVati-r.  .  2».  f H I  fl.i  AJ  S. 

Iln.u  n  anil  II .  Uapoport .  do/  ,  IS.  .t.'M  ■  1  '**►  . : . 
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Subsequeiit  S  dehydrogenation  of  7b  gave  tin*  desired 
quinoline  6b  (92* '/< ). 

Interestingly,  NalUl4  in  2-metho\vet!rino|  did  not 
deludugmati  d.S-dimet  Iiv ‘l- 4-c hlom-3-carbet  hoxyquin- 
oiinc  but  instead  brought  ab-m.  ivduetiun  of  the3-carb- 
ethoxy  group  to  the  methanol  Sc  (.W  { ). 

a-Di-//-butylaininoniettiy!-3-quinolinemctlianols. — 
Seven  of  these,  lb  e,  g,  and  2b.  e,  were  prepared  by  ad¬ 
aptations  of  the  standard  scheme.7  The  3-earbet  hoxv- 
4-quinolones  and  quinolines  Ib-e.gand  6b,d,e  were  con¬ 
verted  into  the  acids  9b-e,g  and  llb,d,e  and  then  by 
SOCh  into  the  acid  chlorides  lOb-e.g  and  12b, d,e. 
DMF  was  required  as  catalyst  in  the  hitter  reaction  with 
the  quinolones.  Diazomethylations  of  the  acid  chlo¬ 
rides  followed  by  hvdrobroniination  without  isolation  of 
the  d  invoke  tones  gave  the  bromo  ketones  13  and  13k 
These  were  converted  into  the  epoxides  14  and  14'  by 
Nal3H4  reduction  and  dehydrohalogcnation  of  the  re¬ 
sulting  bromohydrius  by  accompanying  or  subse¬ 
quently  added  base.  Condensation  of  the  epoxides 
with  n-BujNII  gave  the  target  amino  alcohols  Ib-e,  g 
and  2b,  e. 


6b,  d,  e 
| OH 


COOH 


COOH 


Ub,  d.  « 


9b- c,  g 

son, 

DMF 


14(1-0)14X4-1!) 


a-(2-Piperidyl)-3-quinolincmetIianols  (3). — The 
Boykin  procedure  for  the  preparation  of  or-(2-pyridyI)- 
3-quinolyl  ketones  from  3-qni  noli  neearboxy  lie  acids,  by 
addition  of  2-pyridyllithium  followed  by  selective 
catalytic  reduction  of  the  pyridyl  ring,8  was  not  gen¬ 
erally  successful.  Two  of  the  acids  without  a  substit¬ 
uted  in  the  *1  position,  lid  and  lie,  gave  only  low 
yields  of  the  desired  2-pyridyI  ketones  I5d  and  e. 

The  addition  of  2-pyridyllithium  to  3-carboxvlic 
esters  was  therefore  investigated  with  interesting  re¬ 
sults  of  limited  usefulness.  To  a  significant  extent  addi¬ 
tion  occurred  at  the  earbethoxy  group  of  the  b,S-di- 
jncthyl,  8-phenylt  ami  ti-meih<»xy  esters  6c,  d,  f,  giving 
2-pyndyl  ketones  13c.  d.  f.  (13,  lit'*,  and  liii%,  respec¬ 
tively).  t  )n  t  he  of  her  hand,  t  he  react  ions  with  the  par¬ 
ent  ester  and  the  li.N-diehioro  and  N-lrifluoromethyl 
analogs,  6a.  b,  c\  ga\e  the  4-rJq>vnd>  l)-l,4-dihydro-3- 


carbethoxvquinoline*  17a,  b,  c  in  yields  of  0.7,  IS.  and 
20%,  respectively.  The  structures  17  were  assigned  on 
the  basis  of  elemental  analyses,  ir  and  nmr  spectra,  and 
S  dehydrogenation  of  two  i  hem  1 17b.e)  to  the  4-pyri- 
dyl-3-ea:bi  ihoxyuu.m.i.a.  ISb.c.  The  nmr  spectra  of 
the  latter,  18b,  e,  showed  characteristic  quinoline  11-2 


protons  as  sharp  singlets  at  5  9.5S  and  9.4G,  respec¬ 
tively,  which  were  assignable  as  such  on  the  basis  of  the 
known  chemical  shifts  of  5  9.3G  ±  0.02  for  the  11-2  pro¬ 
tons  of  4-phenyI-3-carbethoxyquinolines9  and  the  dis¬ 
tinctively  upheld  chemical  shifts  for  the  H-4  protons  of 
2-substituted  quinolines.10  Only  in  the  reaction  of  6o 
was  a  second  product  isolated  (11%),  which  appears  to 
be  the  result  of  addition  of  pyridyllithium  to  the  quino¬ 
line  nucleus,  and  to  which  the  structure  20,  a-bis(2-pvri- 
dyl)-2-(2-pyridyl)-l,2-dihydro-S-trifhioroinethyl-3-quin- 
olincinet Hanoi,  is  tentatively  assigned  on  the  basis  of 
elemental  analysis,  ir,  nmr,  and  mass  spectra,  and  8  de¬ 
hydrogenation  to  21  where  the  nmr  spectrum  revealed  a 
quinoline  11-4  proton  at  6  7.39  (see  Experimental  Sec¬ 
tion  for  comparison  with  nmr  of  3c)  and  no  11-2  proton. 
In  the  above  and  presumably  reversible  Michael  type 
addition  of  pyridyllithium  to  the  crossconjugated  sys¬ 
tem  of  6  at  tlu*  highly  C-4,  the  expected  or  necessary 
adduct  anion  17A  would  be  considerably  stahli/.eu  by 
resonance  involving  the  ester  CO  and  would  resist  fur¬ 
ther  attack  at  the  ester  function.  On  the  other  hand  ad- 


(7)  it  i:  tt  nf  j .  i .  $8,  im  t 

(S)  l>.  \\  .  I  .'vkih,  Jr  \  It.  I\nrl.  I;  |  I. lit/,  ami  \.  Hur^rr.  J. 

HtUrorifrl.  4,  l  .*i  i  ) ;  Um  I*  \\  Dm  kin,  Jr..  \.  R.  I'atrl.  an-l 

II.  I ,  Lui/.  J  M »•!  r* ,  «»,.  it,  . 


(9)  N.  !>.  lUimlfl,  P.  1).  Kcnnuell.  and  C.  J.  Olmrnaclit,  J.  Utv. 

*4,  IICS  (1909). 

(IU)  Japan  Ufritr.m  Optirn  I^lmratnrv  (’«>  "JOI'I,  Ink'll 

tion  NMIt  Spvi’iia,**  Sj.ltlrr  Hnan  li  l.al-uratoi Inc..  I’lnhiiiisplnu, 
l*a.,  19**7. 
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yields  of  products  are  compared  with  the  H-2  and  1 1-4 
nmr  chemical  shifts  which  are  a  measure  of  substituent 
electronic  effects  on  the  two  possible  sites  of  initial  nu¬ 
clear  attack.  The  seemingly  anomolous  behavior  of 
the  S-Ph  analog  6d  in  respect  to  prediction  based  solely 
on  its  1 1-4  nmr  chemical  shift  might  be  explained  in 
terms  of  stone  hindrance  at  the  quinoline  X  toward  co¬ 
ordination  with  2-pvridylIit Ilium. 13 

Unfortunately  attempts  to  hydrogenate  selectively 
the  2-pyridyl  nucleus  of  either  pyridyl  ketones  15c,  t?  f 
or  a-(2-pyridyl)-S-phenyl-3-quiiio]iiiemethanol  (ob¬ 
tained  through  N  alii  1 4  reduction  of  15d)  yielded  dark 
mixtures’  which  were  shown  by  tic  to  be  multicompo¬ 
nent.  These  results  are  in  contrast  to  the  usually  suc¬ 
cessful  reductions  of  the  pyridyl  rings  of  the  2-aryl 
types'*  where  the  2  substituteni  appears  to  permit  these 
selective  reductions,  probably  by  sterieally  decreasing 
the  facility  of  reduction  of  the  X -containing  ring  of  the 
quinoline  nucleus. 

The  successful  and  fortuitious  synthesis  of  one  exam¬ 
ple  of  the  desired  «-(2-piperidyl)-G,S-dimethyl-3-quino- 
linemet  Hanoi  (3c),  stemmed  from  the  work  described 
below  which  was  designed  to  obtain  target  analogs  carry¬ 
ing  Cl  or  some  other  heteroclemental  group  at  position 
4.  This  synthesis  proceeded  through  the  quinolonc 
ester  4c  and  t  he  4-ch loro- (2-pyridyl)  ketone  22c.  This 
ketone  22c  was  unique  in  undergoing  selective  hydro¬ 
genation  of  the  pyridyl  nucleus  with  simultaneous  reduc¬ 
tive  4-dechlorination.  This  uniqueness  possibly  may 
be  due  to  a  combination  of  electronic  stabilization  by 
the  electron-repelling  Me  groups  and  a  stcric  effect  of 
the  8-Me  not  unlike  that  of  a  2-aryl  group. 


4-CIQCOOEt  4-C1QCOC1 

5c(b,  d.  e)  10b 


Ml)  K  Hrrt;!u.vi!i  mil  U  1 ..rnii.al.  ./.  /V.iU.  Chtm..  136,  207  (iu;t2>. 
,l->  K.  /  ,  ■  .  r  itsd  II.  /. r.  ./,.  (ns  '-I,/ v  <85.  174  0‘.>U). 

O.H  >  \.  K.k<jf M.iitn.  |’  l).,n-!!ik»-r  and  H.  H'irkI  /J,r..  46, 

(I'M  O;  it,)  .1.  n  \\  .-mmrt.  V,  T  (,  Carl . ,  .Tr.,  1).  J.  TIi-Imvm.  M.  A.  Mr- 

1  ><>naU  anJ  1 i.  L.  lYarvn.  J.  lt,t*ruryri.  Chrm.,  6.  215  < 1?M>'J). 


The  target  amino  alcohol  3c  was  shown  actually  to  lx* 
a  mixture  of  difficultly  separable  diastercomers.  This 
fact  had  not  been  revealed  by  tie  and  became  evident 
from  the  nmr  spectrum  of  analytical  sample*  width 
showed  a  pair  of  earbinoi  a-proton  doublets  of  6  A  *.*) 
(J  —  S  Hz)  and  4. So  (,/  =  5  Hz)  in  an  integration  ratio 
of  51):  -11  with  total  integration  for  one  H4.  Work  on 
this  problem  has  not  been  undertaken  because  of  the 
lack  of  significant  antimalarial  activity  of  the  mixture 
and  low  priority  in  the  malaria  program. 

The  4-chloro-3-carbethoxyquinoiinos  5c,  d,  and  e  re¬ 
acted  with  2-pyridyllithium  giving  the  desired  4-ehloro- 

3- quinolvl  2-pyridyl  ketones  22c,  d,  and  e  in  03,  27,  and 
G3%  yields,  respectively.  The  O.S-dichloro  analog  5b, 
however,  gave  the  2-pyridyl-a-di-(2-pyridyl)carbinol 
23b  (43%;  shown  by  ir  (X  1700  cm'1)  to  contain  a  small 
amount  of  an  unisolated  pyridyl  ketone).  The  corre¬ 
sponding  acid  chloride  10b  gave  onlv  the  earbinoi  23b  in 
34%  yield. 

Approaches  to  the  Synthesis  of  4-Methoxy-  and 

4 - Diethylamino- 3-quinoline  -  a  -  aminomethanols. — 4- 

Methoxy-3-quinolinecarboxylate  esters  24b-e  were 
easily  prepared  by  the  action  of  XaOMe  on  the  4- 
chloro  esters  5b-e.  A  representative  of  these,  24b, 
reacted  with  2-pyridyllithium  but  gave  a  tripyridyl 
derivative,  2,4-di-(2-pyridyl)-3-quinolyl  2-pyridyl  ke¬ 
tone  (25, 44%)  which  evidently  was  contaminated  with  a 
small  amount  of  unidentified  material  of  molecular 
weight  440  (mass  spectrum).  The  structure  of  25  was 
established  by  elemental  analysis  and  by  ir,  mass,  and 
nmr  spe  “tra.  It  is  of  interest  to  compare  the  above  re¬ 
action  v.ith  that  of  PhCIIiMgBr  at  the  4  position  of 
2-methoxyquinoline  (which  did  not  at  the  same  time  dis¬ 
place  the  2-McO  group),14  and  to  contrast  it  to  the  dis¬ 
placement  of  the  EtO  group  of  2-ethoxyquinoline  by 
BuLi.15 


QCOOEt(4-Cl) 

5b-e 

"OCH.J 


Displacement  of  the  4-C1  of  the  S-Ph  ester  5d  by 
NETs  gave  the  4-diet hyhunino  ester  26  which  t  hen  upon 
reaction  with  2  equiv  of  2-pyridyllithium  gave  the  di- 
pyridyl  earbinoi  27. 

8-Trifluoromcthyl-4-chloro-3-(iuinolyl  2-pyridyl  ke¬ 
tone  (22e)  reacted  with  Kt«XH  and  with  XaOMe  to  give 
the  corresponding  4-diet hylamino  and  4-methoxy  deriv¬ 
atives  28  and  29.  However,  the  desired  w-piperidyl- 
methanols  were  not  obtained  from  these  by  catalytic  re¬ 
duction.  Cue  attempt  to  prepare  a  4-p-chloroanilino 
derivative  from  the  pyridyl  ketone  22e  by  reaction  with 
p-chloroaniline  and  acidic  work-up,  involved  hydrolysis 
of  the  4-Cl  and  gave  the  4-quinolone  ketoanil  30  the 
structure  of  which  is  supported  by  analysis  and  nmr  and 
ir  spectra. 

04)  H.  C.  l'uson,  It.  ]..  Jolinnoii,  and  K.  Urci*hat>?r,  J,  Org  Otrm.,  16, 
1 529(1 95  H. 

(15)  II.  Gilman  and  J.  A.  Heel,  J .  .1  mer.  Chfm.  Soe.,  73,  774,  32  0  951 t. 


-2o- 


-2b- 
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26 


C;H. 

27 


22e 


Because  of  unpromising  pharmacological  tests  on  the 
compounds  1,  2,  and  3,  work  on  this  series  and  on  the 
several  interesting  unanswered  chemical  questions 
raised,  has  been  suspended. 

Biological  Activity. — Antimalarial  tests  on  compounds 
1-3  were  carried  out  on  mice  infected  with  Plasmodium 
berghei  according  to  the  method  of  Rune,  et  a/.16  De¬ 
fining  a  drug  as  active  when  the  moan  survival  time 
(MST)  of  the  treated  group  is  more  than  double  that  of 
controls  (7.0  ±  0.5  days),  and  “curative”  upon  survival 
up  to  00  days,  1-3  exhibited  no  antimalarial  activity  at 
the  highest  recorded  dose  level.  The  increases  in  sur¬ 
vival  times  at  040  mg/kg  in  fractions  of  a  day  were: 
lb,  0.3;  lc,  0.1  (at  320  ing/kg);  Id,  0.4;  le,  0.4;  lg,  0.5; 
2b,  0.5;  2e,  0.3;  and  3c,  1.0. 

In  contrast  to  the  above,  six  a-dialkylaminomethyl-2- 
p-chlorophenyl-3-quinolinemcthanols  (31-32)  synthe¬ 
sized  by  Donovan  and  Smith  possessed  low  antima¬ 
larial  activities.  The  most  active  of  these  was  32b  which 
at  640  mg/kg  increased  the  mean  survival  time  0.4 
days. 16  This  compound  was  phototoxic  as  determined 
by  the  method  of  Rot  he  and  Jacobus;  the  minimum  ef¬ 
fective  phototoxic  dose  was  below  200  mg/kg  in  mice  ad¬ 
ministered  ip,17  As  a  point  of  interest  in  this  series,  the 
3-amino  alcohol  group  must  stcrically  interfere  with  the 
coplanarity  and  conjugation  of  the  2-aryl  group  with 
the  quinoline  nucleus,  a  conjugation  with  which  the  high 
phototoxicities  in  the  2-aryl-4-qu incline  amino  alcohols 
might  possibly  be  associated. 


31  32 


(If*)  T.  S.  Osil*n*.  P.  R.  I(n  rtf.  arvl  I,.  Ranr.  J.  Mrd .  10,  4;il 

(1067).  Test  'lata  wen-  supplied  by  the  Waller  Heed  Army  Institute  of 
Research,  Washing  ton,  I).  (\ 

(17)  \\  .  1C.  KotiiC  and  D.  I*.  Jacobus,  t&n/.,  11,  J66  (fOOH). 


Experimental  Section  M 

3-farbelhoxy-  anti  3-farboxy-li  I // j-quinolones  i  l  anti  0)  we re 

prepared  in  t  Hiding  to  pill)!:  iii’U  pint  -ml  ihi-%  Inf  thr  p:u «  .it 
S-Pll,*1*  l)-MeO,!‘  a.,«!  7-V  »  1 1  iitipniiii'i*  ■  ii.A>  *\:is  »*r::pIijL  i 

as  ryclizatiou  v I  in  all  prt^mtal tons  of  4. 

Qtiinulim  cu: Uo:,..  1  (’aloritk*.,  10,  12;.  A.  ■1,0,8-Trif!:!  ..o-3- 
quinolinccarbonyl  Chloride  (Mlb).  -  DM!'  (2  ml)  was  added  to  a 
Mir  red  refluxing  muiiv  ui  .(i  g  (iMi.’jS  luule)  ni  5b  and  ,V*  ,t,\  «»f 
SOC1,*;  refluxing  was  continued  for  1  hr.  Exee--  wa-  dis¬ 

tilled  at  atm  pressure  anti  the  Jam  1  nines  removed  by  codi-i  illa¬ 
tion  with  dry  C6Ift.  (V\\M  alligation  <*f  the  residue  fit  on  per  ether 
(liO-4  10°)  gave  9.s5  g  (s0' )  of  the  vellow  acid  chloride  lob,  mp 
145-14SC. 

B. — 12b  and  c  were  prepared  as  above  but  without  I)M1‘  cata¬ 
lyst. 

tt-Bromomethyl-3-qinnolyl  ketones  (13,  13')  were  prepared7 
through  but  without  isolation  of  the  intermediate  diazomelhyl 
ketones. 

3-Quinoly!elhylene  Oxides  (14,  14').  A.  4,6,8-TriehIoro-3- 
quinolylethylene  Oxide  (lib). — To  a  stirred  slurry  of  0.9  g  (0.02 
mole)  of  broinoethv!  4lfl,N-triehloroquinolyI  ketone  (13b)  in  .00  ml 
of  MeOII  was  added  dropwise,  over  1U  min,  a  soln  of  1.0  g  (0.020 
mole)  of  Nalllh,  3  ml  ol  A"  XaOH,  and  10  ml  of  1 1*0.  The 
solid  dissolved  almost  immediately  and  after  20  min  a  ppt  formed. 
After  an  additional  1  hr  of  stirring  the  pale  yellow  product-  was 
collected  and  oven-dried:  4.4g(S2%);  n*P  131-133°. 

II. — A  modification  of  the  above  procedure  was  necessary  for 
14'b  and  e. 

C,S-Dichloro-3-quinolylethylene  Oxide  (14'b). — A  refluxing 
slurry  of  S.74  g  (0.0274  mole)  of  the  bromomrthyl  ketone  13'b  in 
50  ml  of  MeOil  was  removed  from  the  heat  source  and  stirred 
while  a  soln  of  2.0  g  (0.053  mole)  of  NaBH<  in  10  ml  of  HsO  was 
added  dropwise  over  10  min.  Addition  of  5  ml  of  2  A'  NaOIl  to 
the  stirred,  clear  yellow  soln  caused  pptn  of  14'b:  4.84  g  (74%); 

pale  yellow;  mp  112-115°. 

tt-J)i-.i-butylaminomethyl-3-qj»inolinemethanoIs  (1,  2).  «-Di- 

n-bufylaminomethyl-4,6,8-(richIoro-3-quinolinemethanol  ( lb). — 

A  stirred  soln  of  5.3  g  (0.019  mole)  of  14b  and  35  ml  of  n-Bu-NH 
was  heated  at.  135°  for  }$  hr.  After  excess  reagent  was  removed 
by  vac  distillation  the  orange  residue  was  dissolved  in  dry  Et2Of 
and  1  was  fractionally  pptd  by  Et20-IICl  (the  last  fractions 
tended  to  gum;  total  crude  yield;  0.2Sg(74%);  recrystd  from 
EtOII-Et20,  4.20  g  (409c);  mp  178-180°  dee. 

3-Carbethoxy-4-chloroquinolines  (5)  were  prepared  by  the 
reaction  of  the  3-csirbelhoxyquinoloncs  4a-g  with  PUClj  (3  moles, 
3  hr,  reflux);  5a  and  5f19  had  previously  been  prepared  employing 
a  POClj-PCb  mixture. 

3-Carbcthoxy-8-trifluoromethyl-l,4-dihydroquinoline  (7e). — A 
mixture  of  4.0  g  (0.013  mole)  of  5e,  0.S4  g  (0.015  mole)  of  KOI  I, 
0.4  g  of  10%  Pd-Cj  ami  25  ml  of  abs  EtOH,  was  hydrogenated  at 
55°  for  2.5  hr  at  3.52  kg/cm1.  Filtration  through  Cclite,  con¬ 
centration,  and  filtering  gave  7c:  2.19  g  (01%);  mp  158-159°; 
nmr  (CDCh)  <$  7.17  (m,  4),  0.50  (in,  1),  4.25  {m,  2),  3.79  (s,  2), 
1.30  (t,  3). 

3-Carbelhoxy-6,8-dichloro-l,4-dihydroquinoline  (7b). -To  a 
stirred,  ice-cooled  soln  of  0.0  g  (0.10  mole)  of  NalWK  in  125  ml  of 
2-metlioxyethanol  was  added  porliomvise  19.1  g  (0.005  mule)  of 
5b.  The  first  addition  caused  temp  rise  to  00°  and  liberation  of 
gas.  The  remainder  of  5b  was  then  added  over  1  hr.  The 
slurry  was  stirred  for  3  hr  ;md  the  resulting  ppt  (5b  and  7b)  was 
air-dried:  12.17  g  (orange);  mp  105-180°.  Uetreatment  of 
this  as  above  with  4  gof  NaBlK  in  125  ml  of  2-melhoxyothanul  fur 
3  hr  yielded  0.01  g  (39%)  of  7b  (orange):  inp  1S7.5- 1S9.50 ; 
anal,  sample  (KtOII),  mp  190°  dec;  nmr  fllMSO-iM  5  S.04 
(m,  1  j,  7.19  (m,  3),  4.1 1  (q,  2),  3.07  (s,  2),  1.22  (t,  3).  The  mother 
liquors  poured  into  H  A)  gave  0.SS  g  (oven-dried),  mp  130-1011°. 
Extraction  with  refluxing  pet  ether  (bp  <>0-1 1 0° I  removed  un¬ 
real*  led  5b:  rccrystd  from  EtOH,  2.1  g  of  8b  (13%);  mp  193- 
19S°. 

3-Carbelhoxyquinolinos  (6).  Catalytic  Dehalogcrtation.  3- 
Carbethoxy-H-phcnylquinoUne  (6d).  -  The  following  improved 

(18)  Instruments:  (a)  Melting  points  wore  obtained  on  a  nmtn:*«-l  [.  over 
apparatus,  uncorrcctcil;  (h)  anal,  were  correct  JLO.i  ;,;  (iailhrnith  I. a)'. 
Inc.,  anil  SwartiAopf  Microanah  tical  sublimation  of  atulvti.nl 

wimples  was  at  10-  AU'1  1 1 1#»  mp;  (ip  satisfactory  ip*’otia  were  obtained, 

for  structural  determination  nliete  required,  and  random  tv  in  other  cn'*r.«, 
O)  ir,  Pvrkin-Llinvr  :i.*7:  tf)  nmr,  Hitachi  I’-K  U  JO;  m)  mass  *pi*.  t  m^rapK . 
Hitachi  l'-K,  KM l'  Ol!. 

(I0J  tv.  O.  Kcrm.ttk  and  X.  Store)', Chrm.  Sac.,  J3Sa  (J;i.*>)  >. 
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3-Fu NOTION ALIZtn-4-Qt'l NOLI sN I  s 


27“ 


0 


Cornpti 

it 

R' 

Mp.  °C® 

%  yield 

Composition* 

4b 

0,  s-cij 

COOEt 

:m-:m  dec6 

74 

C|2IIvC1i\Oj 

9b 

G,  S-Cl, 

COOH 

300  dee6 

100 

CidlsCIiNO, 

4c 

G,  S“5Ie, 

COOEt 

273-276  dec* 

G8 

CmIIuXO, 

9c 

6,  S-Mei 

COOH 

298-300  dec6 

100 

C.’IIioNOj 

4e 

S-CF, 

COOEt 

209-213* 

S3 

CijIIiol'jNOj 

9e 

S-CF, 

COOH 

235  dec** 

83 

Ci,If«FiXO, 

30 

8-CFj 

C  (2-Py  )=N  PhCl 

199-200 . 5* 

92 

C„H|,C1F,X|0' 

*  Dec,  mp  decomp. 
H;  '  for  C,  II,  Cl,  N. 

lie  cry  at  from: 

b  DMF ;  c  EtOII.  J  Analytically  pure  from  reaction 

mixture. 

•  Analyzed  within  ±0.4% 

Table  III 

3-F  v  NCTIU  N  A  LIZ  E  D-4-CI!  LO  HOQUI  NO  LI  N  ES 

Cl 


Compd 

R 

R' 

Mp.  °C 

%  yield 

Composition' 

10b 

6,  8-C1, 

COC1 

145-147 

90° 

CjoHjCUNO 

10c 

G,  8-Me2 

COC1 

103-105 

38®* 6 

C„H5C1,N0 

lOd 

8-Ph 

COCl 

125-126.5 

90®> 

CuHsChNO- 

lOe 

8-CFi 

COC1 

94-95.5 

70®  6 

CnH4Cl2F3N0- 

I0g 

7-C1 

COCl 

137-139 

38® 

CtoH.CUNO 

13b 

6,  8-PI, 

COCH,Br 

136-137.5 

87* 

CnHiBrChNO 

13c 

8-Me, 

COCH,Br 

76.5-78 

5S® 

C„Ii„BrCINO 

13d 

8-Ph 

COCH.Br 

132-133  dec 

98* 

CnlluBrClNO" 

13e 

8-CFj 

COCHjBr 

98-99 

79* 

(crude) 

13g 

7-C1 

COCH2Br 

104-106 

83® 

CnH6BrCl5NO 

14b 

0,  8-Clj 

CIl — CH, 

132.5-134 

82*-b 

CnH.ChNO 

\/ 

O 

14c 

G,  S-Mc, 

CH— CH2 

95-96 

91- 

CwH„ClNO» 

\/ 

O 

14d 

8-Ph 

CH— CH, 

140-141 

83'’b 

CnHr,ClNO» 

\/ 

O 

14e 

8-CFj 

CH— CH, 

82-83 

52* 

C„H,ClF,NOfc 

\/ 

O 

lit 

7-Cl 

CH— CII, 

153.5-155 

83* 

CiiH,C12NO 

\/ 

O 

lb 

6,  MJI, 

CHOIICHjNBu, 

181-182  dec 

74* 

c,9h„ci1n2(mici 

1c 

6,  8-Me, 

CHOHCUtNBiit 

121-123  dee 

6G* 

CiiHm  CINiOHCl 

Id 

8-Ph 

CUOUCHtNBut 

174  dee 

90* 

cSiH„ciN,o-na 

le 

8-CF, 

CHOHCHjNBu, 

172  dee 

56* 

C3qH,6CIF1N,0-HCI 

1« 

7-CI 

CIIOIICIhNBu, 

168-170  dec 

75* 

c„n21ci,x.o-nci 

5b 

6,  S-CI, 

COOEt 

109-110 

87' 

Ci?II,CljXO..” 

5c 

G.  8- Me, 

COOEt 

76-77.5 

97' 6 

CuIImCIXO:- 

5d 

H-Ph 

COOEt 

131-132.5 

88' 

CnlluCINO.®* 

5e 

S-CF, 

COOEt 

56  -57 

OP 

CiiH-jCMFiNO;"* 

22c 

0.  8-Me. 

COPy 

148  dee 

63* 

cirH„  axo, 

22d 

8-Ph 

copy 

102-103 

27* 

CiiHuCIXjO 

22c 

S-CK, 

COPy 

155 

63* 

CM'WiSS* 

8b 

6,  S-CI. 

ci  i. on 

190-  19S 

13* 

C*H, CljSO' 

8c 

G,  S-Me. 

ClIjOH 

166-109 

53* 

Ci,l!„CINO- 

Itecryntd  from: 

8  Pet  etlu-r  ibp  00- 

110°);  *  sublimed;  *  KtOVI; 

**  crude,  EtOII  wa.dted; 

*  MeOH 

;  'hexane;  '  KtOH-Kt.O.  6 

uher  \i>|»  .0 -till*). 

'  C,  cahd  (»G M,  f< 

>nml  05.99.  1  C:  calnl  72 

.47,  found  71 .00.  *  C: 

ruled  52, 

.07,  found  52.13.  *  Ana!, ,M* 

C,H,N  ;  "*  fur  C,l|  only. 
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Tw.m  IV 

1. 1- 1  iniii.im.  < \uiti  nrixx  i.  \  n  > 

II  K 


1'uinpd  |{ 

7b  li.  SC|. 

7e  V<T, 

17a  II 

17b  0,  S-CI, 

17e*  S-CFj 

Itecrystu  solvent :  **  KtOH;  k  hexane; 

(m,2),l.UH,;{).  f  Anal.lHh  C,II,N ;  »r 


**  Ml*.  "C  • ;  vi**M  Composition/ 

li  lot*  dec-  :;«i  c,;nuci.No: 

n  i5s-i5o*  tu  Cuii.sKiNO: 

--Py  199  20I*-'  0.7  Cull, 4 \5(V 

2-Py  221-222  dec'  IS  tVHuCIjN'iOi 

2-Py  175-1  Tli*  ‘JO  CullliK.NVis* 

sublimed ;  ■*  2-meth« »\yet  Hanoi.  #  Nmr  (CI)Clj)  6  8.5ft  ul,  1),  7.32  (m,  SI,  5.40  (s,  1),  4.10 
fulfil  72.83;  fimiiii  73.47 ;  K  for  C,ll  only. 


Tahlk  V 

15-1*1’  NATION  .\  1 .12 H>  Qt'  1  NO U N KS 
>v  ^R' 


u 

o,  s-n, 

(i.  S-.Mf. 
S-Ph 
S-CTa 
ii-OMc 
G,  S-t  '!■• 

s-rh 
S-CFj 
0,  S-Cl* 
8-0  F, 
o,  s-n. 
S-TFi 
0,  S-(  ?12 


ft,  S-CIj 
8-0  F, 
o,  >:-Mc . 
8- PH 
S-C.'l'a 
0-0  Mi* 
0,  S-Mts 
S-PH 


COO  Ft- 
COO  1C  l 
COOK* 
COO  Ft. 
COO  Ft 

coon 

coon 

coon 

con 

con 

OOClVHr 

COCH-Br 

CU-CII, 


() 

cn  -  cn  . 


CffOffCfCNflu. 

CllOHClI.NBi,. 

COFy 

COPy 

COPy 

COP.v 

CllOllPip 

ClIOIIPv 


Mp,  °C 

%  yield 

Composition"* 

131-133 

90- 

CisHiCIsNO, 

S0.5-S1 

5P 

CuHiiNOj" 

l 00-107 

54c 

C„HuN(V 

88- SO. 5 

73*' 

OuH.oFjNOj- 

K">-S7 

GO6 

CulIijXOj* 

300-301  dec 

04<i 

CiqHsCIsNO^ 

205 -JOG 

70* 

C.d  1  nNO:’* 

JvW-JOO 

78c 

CiiII«FiNOsh 

170-172 

02*/ 

C.olhChNO 

04-05 

56'*« 

CiiHiClFjNO" 

107  •  100  dec 

SP 

CuIhBrCisXO 

142  143 

0Cf 

CijlKBrFjNU 

118.5-120 

74p 

CnH?Cl2NO 

G5-G7 

72/  ^ 

Ci*H.F,NO 

<>5-72  dec 

38' 

CifllljtfClf  N:0  •  HC1 

00.5-02  dee 

50  f 

c*  oHuFiNtO-nn 

07.5-08 

27'*./ 

CuHhN2<) 

118  118.5 

GO  f*'< 

CuTThNsO" 

00-00 . 5 

5Sf*< 

CullaFiNsO’1 

120  131.5 

on* 

C.cllnNA 

143-148 

15/A 

CnHaXtO 

137.5-138 

G4C 

Ca,U.4N,(V* 

Ki’prysUl  from.  '*  pet  ether  (00-100°),  (30-00°);  fKtOII;  2-mct  boxy  ethanol;  ‘reaction  product  FljO  washed;  /sublimed; 

*  hexane;  *  MeCN;  *  hygmsrnpir,  not  crysld;  *  KtO!l-Kt;0;  *  prepared  by  tho  action  of  2-PyU  on  the  3-carhoxylute  ester;  1  hv 
2-P)'lii  on  the  ;{-<urlioxy  lie  arid  d.'Jd,  .12(7  )•  • '*  Anal.***  for  C,H(X;  *»/or  C(]J  only. 


method  of  Kadmv  and  (‘lark  was  used  to  prepare  fm.‘  A  sus¬ 
pension  of  4.0  g  <n  nn  mole)  of  5 d  and  0.0  g  of  11)*^  Pd  -C  in  25 
ml  of  glac  ial  ArOll  at  *.0°  was  hydrogenated  i  I  hr,  J.1G  kg  ’em2). 
FfOtation  rhtoimh  Celiie,  pi.miug  into  11.0  with  tilling,  rnllei  - 
lio!t  of  th.-  pin  b\  tilli  ii  iuo.  and  uy-ln  It  Mil  in>\:iiic  gave  I  *»J 
s;  ( -’■  P ,  ),  mp  (i to  ;n;  ’ 

Sulfur  Dehydrogenation  of  a  M-Dihvdroquinoline.  3- 
Carliethow -H.S*i(ir hlormpo’nolim*  -  GhV  An  in'inr«»e  ntiwmeof 
1  10  g  ( O.lM  I  nu *li- 1  i . I  7h  and  ’»  1 '»  g  ( li  t l1 17  t»»«  lie )  » 4  S  in  a  \\  uml  s 
na  tal  hath  al  PHI  ,  «  :i.  In*:. ted  :,i  J;;ii  '  f,,r  l A  min  Wm  lotion  M.S 
ev*  lived  v  iii*  *i . . « i  - 1  \  i.  Cm. ding.  eNttaiimn  with  .inn  ml  of  ntluv 
imr  pei  eihci  >r.u  I  lit J  \  hireling.  rm.rrMinm.g  i« •  1J.,  ml,  muling, 

•  i id  if-  :  \  -f  i ,  . .f  t|.e  wli'\\  j.p!  H * » i •  i  J.'ill  ml  •>!  pel.  ether  Cave 
I  1  t  *  C  i  'Mi*  ,  aip  I..J  l  .'tl  . 

I-Meihow -Warbelhoxy  quinolines  (21 t.  4-M«*thox> -f»,K-di* 
chloro-A-rarhel  ho\\ qn. noline  Jib'.  \  si  .In  el  1 7"i  c  iO.(C»s 
nmle)  of  all  (It  fid  *>|  Me»  d  l  u.i-  added  l#>  a  .-ohi  of  t).  1  7  mole  of 


NnOMe  in  lot)  ml  «>f  McOK.  After  1-hr  reflux  the  mixture  was 
poured  into  2  I.  of  ICO  Riving  13.9  g  (H0#’< ),  oven-dried,  mp  111- 

1- Difihylainino-S-phenyl-d-carbethoxyquinoIine  (JG).  A  soln 
of  li. J  I'fO.tvj  mole)  of  5d  ami  4.4  r (0.111*  mole')  of  KtjNlI  in  100  ml 
of  Kl-tMl  was  refluxed  for  J  hr.  Cooling  in  ire  returned  J  J.*»  g 
(•*7f , )  of  ml.  l  Alraetion  of  the  residue  from  ovnpu  of  the  tilt  rate 
with  hex. -i nr,  till ta lion  to  remove  I’.t.Nll  ■  1ICI,  and  evajm  to 
dry m--  gave  G.  I  g  of  JG. 

2- PyriilyJlilhuint  Praetions.  A.  With  Carboxylic  Amis  11 
d,o.  2- P) rid) I  8-Phen\  1-3-quinolyl  Ketone  <  1.7*1).  -  To  a  stirred 
■-oil.  of  2-pyridylliihium',*-?“  dioiu  li  g  «(f  J-ht«*niop\  ritline  tn 
lot)  ml  of  anhyd  1 4  4)  at  —70°  under  Nw  was  added  lapnlh 


i  JOi  J.  IV  \\  iit<:in*.  \.  IV  I  VV.ru.M-.  11  C.  T  \  .in  Pi  r  V.m.ti,  «n  l  V  VI.  It. 
l-.Wim.  /i‘-W.  7> M  .  /’.i^./Ims  70,  mi  l  1 1 1* % | 
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-po_ 


T\m.i:  VI 

3 -V v notion  \i.i/i:i)-4->rnsTiTrTt  i»  Quinoi.ini  s 


H 

IP 

U" 

•  le. 

•  >  whi1’ 

l*«jiu|i«nit  ion* 

2*1  b 

6,  N-C  *|. 

OMe 

C(  )OEt 

Ml. 5  M3 

siy--1 

C,;Ifti<TN0/ 

24c 

6,  S-Me. 

OMe  * 

could 

S3 .  A  -NA 

:av‘< 

Ci.ir^xo,1 

24d 

S-Pli 

OMe 

COOKt 

14A . A  136 

s7‘ 

(  ’,  .1 1 1;\(  ).,* 

24  e 

S-<  E, 

OMe 

(*OOKt 

70. A  SO 

7<K 

C,iiIIid,'jNO,< 

18b 

6,  8-(’b 

Py 

C(  K)Kt 

100-101  A 

4H/ 

CillliaCliNrO: 

18e 

S-CKa 

Pv 

COOKt 

64-66 

W 

CidlijKaNd): 

26 

S-Pb 

NEt, 

COOEt 

72-74 

1 2f 

C-r.*I  Ij*N  ;t  )3 

27- 

S-Ph 

NKt, 

C(01l)Py, 

200  201 

14^ 

CaoH»X.O 

28 

S-(’E3 

NEt. 

COPy 

140.5-131 

6t)/ 

CjoH.hI’  jNaO 

29 

S-CKj 

OMe 

COPy 

172.5  174 

37C-J 

CnllnKaNaOj 

23fc 

6,  S-Cl, 

Cl 

C(OH)Py> 

107-100 

34'u 

CiiIIuOlaNV) 

•  IV  =  2-pyridyl.  6  Keens  t  from 
7.5 1  (in,  ID,  5.40  (m,  -n,  l .or*  II,  0). 
for  C,U,N  ;  ‘  for  0, It  only. 


'MeOU;  J  sublimed;  •  hexane;  1  KtOII.  *  Nmr  (Cl  >Ch)  6  IU.MWs,  I ),  S.S7  (s,  1 ),  S.47  (d,  2), 
K  Also  carries  2-(2-P y).  *  Prepared  from  acid  chloride.  1  Prepared  from  ester,  47'  < .  *  Anul.lSu 

OH 


Taxilk  VI  !• 

o-l)iAi.Kvi.ANUNoMi:riiYiy-2-(p-ciiU7KOi,iiKNvid‘3*griNoUNi:Mi:rii  \soi 


Compd4 

it 

ir 

Mp.  “C 

%  yield 

CV>rapo5itionc 

31a 

7-C1 

Kt 

113-115 

72 

CsdfwCbNNO 

31b 

7 -Cl 

Bn 

ISA- ISO. 5 

76 

CiillaoC’liNaO*  HC1 

3lc 

7-C1 

Ileptyl 

171-172. 5 

62 

C„HuCbNd)-HC) 

32a 

6,  S-C12 

Kt 

153-134 

S3 

CaillaiCliNaO 

32b 

6,  8-Cb 

Bu 

227.5-230 

71 

CVn,,CljN:OH(’l 

32c 

6,  S-Cb 

Ileptyl 

162- 104.5'* 

73 

Cj, n„c  bNjO  iici 

0  Synthetic  route 

6-Cl-isatin,  y*-Cl-prtipiophenone  Q-4-CJI,,  4-COOI1  —►  Q-3-Cllj 

—  Q-3-COOII 

g-C’(H4  —  Q-COCHN:  — 

Q-COC  t  E B r  Q- V 1 1 OU C 1 1« Br 

(VU'1J  -  CHj  —  31  and  32.  6 

Solidifying  and  again  melting  at  177— ITS0. 

*  Anal.™  C,ll,Cl,N. 

\  / 

0 

2.4S  g  (0.01  mole)  nf  lid.  After 

10  min  AO  ml  of  anhvd  THE 

‘  4Arr);  n\p  234  23S 

reervstd  from 

Me(’N,  mp  230-241°, 

(distd  from  Call*) 

was  added,  :iml  stirring  at  —70°  was  con- 

mol  wt,  caicd  and  found  457  (mass  sjk 

vtroseopy.).  Anal.  (Ai- 

tinned  for  3  hr.  The  mixture  was  allowed  to  warm  to  40°  and 
100  nil  of  II20  was  added  rapidly.  After  filtration  to  remove 
the  insol  pyridyl  Ketone  (other  Mich  ketones  arc  sol  in  Kl-*0 ) 
the  EtiO  layer  was  washed  twice  with  ICO  and  evapd  under  re¬ 
duced  pressure,  giving  additional  15d:  reervstd  from  nhs  KtOII, 
1.0  g  (32‘T);  mp  l  IS- 1  IN. 5°. 

fi.  With  Estcrs.--A  Til K  soJn  of  the  ester  was  added  to  a  twiv- 
to  threefold  excess  of  2-py ndyl  lithium.  Usually  the  produet 
was  isolated  by  evaporation  <»f  the  KUO  and  crystallization  of  the 
residue  from  KtOII.  In  the  prepn  of  22d  and  27,  umvacted 
starting  material  crystallized  first  from  KtOII.  In  a  slightly 
different  work-up,  before  further  purification  was  carried  out, 
unreacted  starting  ester  was  extracted  from  crude  15c  and  17b 
with  petroleum  pentane  t 30-00°)  and  hexane,  respectively. 

8-Trifluoromethyl-4-( 2  pyridyl)- 1,4 -dihydroquinoline  ( I7e).  -~ 
Reaction  of  ester  tie  (3.4  g,  (1.013  mole),  work-up  as  above,  and 
fractional  crystallization  from  KtOII  yielded  two  products: 

20,  0.50  g  (ltr;),  mp  238.5-240°;  ir  (KUr  disk),  3300  cm  1 

(C-OH;  no  CO  baud);  [Anal.  (Csdl»,K3NO)  U,  N,  C:  cnlcd 
G<-82;  found  0G.N7;  mol,  wt  ealed  ami  foumi  303  (mass  speetro- 
scopy ).{  and  17e,  O.ss  g  (20',),  mp  175-170°;  nmr  (CUO,), 
^ M  .'ai  (d,  I ),  7.42  (m,  8),  A.  10  K  1 ),  l  it)  (m,  2),  1.11  (f,  3).  (’on,. 

|HiUIh1  30  was  tli'li \ dingcnalcd  by  S  to  yield  a  small  amount  of 

21 ,  identified  on  tin*  had-,  nf  tin*  tiiur  spectrum  w liit  li  exhibited  a 
sharp  singlet  at  6  7..V.I  (11-0  and  an  aromatic  multiple!  (6  G  AN 
8.  AN). 

2-Pyruly  I  2,4-|)ji  2*pvrjd> )  Mi.H-dichloro-A-quinolyl  Ketone 
(25).  Hie  2-pyridvlht hium  reaction  mixture  was  stirred  for  only 
1  hr  after  addition  of  the  ester  21b.  Crystallization  from  KtOII 
gave  M*  ,  of  starting  e-tei  2tb.  Evaporation  of  tin*  lilliate  and 
column  rhrum.ilographv  <*l  lh«-  ir-Mue  on  Eloii-d  (  Met  HI  in 
C«M,.  gradient  elution*  gave  a  red  niumphnnis  ~.>lid  which  con¬ 
tained  trapped  'olvenf  -by  mm*.  ( Yy-u.dli/al im,  fiom  acetone 

>lo»  evapoiat  ion )  gave  2A*  ,  of  25  (yellow,  true  yield 


a»h'  i  *  *  • .  •  *  t  v  . . . * .  . 

2-Pyridyl  4-l>iethvlainino*8-lrilliioromcthy  l-3-quinolyl  Ketone 

(28).  A  sol n  of  1  g i  ?.‘H»  mmoles)  of  2U*  attdt>. V«»:h  l  1  s  mmoles ) 

of  KtjNII  in  I A  ml  of  KtOH  was  refluxed  for  1  hr.  Ice-bath  eoolmg 
gave  0.67  g  (tit)1 , )  of  erude  28. 

2- Pyridyl  8-TrUluorometh>l-4»  1//  )-3-quino|onyl  Ketone  4- 
Chloropheny limine  (3(1).  V  mixture  of  2  g  <A.9.»  mmole-)  of 
22d  and  2.3  g  (is  mmoles)  of  4-eliloioa»iilme  in  ?A  ml  of  l.tt)ll 
whs  refluxed  for  I  hr.  Concent  ruled  IJC1  (1  ml)  was  added  and 
refluxing  continued  for  another  hour.  The  mixture  was  cooled 
ami  quenched  in  ice  114)  containing  ex,  e— *  KOll.  (  ry>laln.a- 
tion  t »f  the  ppt  from  KtOII  gave  2. .14  g  <92 '  ,  ):  nmr  (I  )MSl  >)-</* 
/>  0.56  (s,  1 ),  S.70  (s,  H,  SG4  (d,  2),  N.2A  (d.  1 ),  7.71  (in,  4).  t*M 
fin,  4). 

o-(  2-P»i>eridyl  )-G.8*dimeth>  1-3-quinoHnemet  hanol  (Stereoiso¬ 
mer  Mixture  3c).  A  slurry  of  0.0  g  of  22c  (0.04  mole).  2*0  ml  of 
alls  KlOU,  6  ml  of  eoned  11C1,  anti  0.7A  g  of  PtO;  was  hydro- 
genated  at  3.1  A  kg  cm*.  After  absorption  of  AH;,  fill  i  at  ion 
through  Celtic,  mid  conen  to  40  ml,  the  solu  was  dild  with  11:0 
and  kntsified  |  NaOH  V  The  Kt .<>  extract,  of  the  gummy  ppt  was 
washed  with  1 1-0,  dried  iMgSO,),  anil  evapd.  Treatment  of 
the  rc-idual  gum  in  A0  ml  of  Me.CO  with  ”•*  ml  of  hexane  and 
cooling  Rave  3.1-*  K  C-’H'  .  »,  inp  U*.  ,:,l°  ltcny-(;.lli/:m..,, 

from  pet.  ether  (60°  110° ‘  and  sublimation  |1A0‘’,0  l  mind  g  ive 
1.23  g  (l.V ,  ),  mp  M.l  HS°  (-inters  at  13A°).  An  analytical 
sample  was  piepared  bv  rei-ry-tn  from  Met’N  nmr  <C1)C1,I 
*  s.s.!  I, ./  -’••>  IU.  7.M-. I.  j  . 

4.56  1, 1,0  VI,./  -  S  II/.),  4  21  t-,2,  Ml, Oil  -  «  *  (%••>,  - • 

*2.7  tm,  1  !">  b). 
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V.  Parc  4.  I. sos Lc res. 


6-lic*nzoLhiazole  AtnLnoa lcohols  . 
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AiitinialariaP.  III.  lt<‘ii-/.olliia/.nlc  Amino  Alrolml- 

l.iurv*'  •!  onniar..  It,  ..  I  I"."’ 

At  Hum  Hi  .» \h  >  v  Swv 

Ih’ftortn'ft!  V,  l  'nircrsifii  ./  1\- rf,,t  . //,  f 


.  I  /.V,  /:v»V 

A  mi  no  :ilc<  iln  »I*‘  carry  ing  :i  (  1  lOl  I  <  t  1 1_.  *i  I « _■  rinin  iti  |  »<  i- 1 1  i>  m  ii  . ii  a  ln*ii  r.  a  lu.i  /.<  •  I  «*  1 1  w  ■  *1  ■  **  i  s  i*  i  *  i  il  io  i  1 1  it  m  j 

or  itiitcd  by  phenyl  or  1 1  hyl  in  tin*  J  hav.*  I . .  -\mii.-i  .*  I  In  P:in<l  nl  m,'  h>  •<!«  an.| 

UMrtl  tor  activity  :muin*d  i*uistmnl,:>iru  fn  njh*  i  in  mire.  >evn  ii  •  <1  r  li.<  .uumm  ;d<-c  .ti*  ■!-  -  h«  »w  i  w«*:ik  anle 
malarial  activity  lint  only  at  toxic  iln-e*. 


Bioisosleric  substitution  of  henzothiazolc  for  quino¬ 
line  has  boon  tried  on  three  occasions,-  "*  each  time  for. 
derivatives  containin''  the  dialkylatninoalkylamino 
chain  characteristic  nt  the  prototypes,  pamaquine  ami 
chloroquino.  Only  one  group  of  authors*  reported  lack 
of  autimalarial  activity  for  their  compounds,  while  the 
others3,4  left  biological  behavior  as  unlinished  business. 
In  view  of  the  renewed  interest  in  amino  alcohols  incor¬ 
porating  some  features  of  the  quinine  molecule  we  in¬ 
vestigated  amino  alcohols  derived  from  benzothiazolo 
as  an  extension  of  our  studies  of  quinoline  analogs. 

All  of  the  amino  alcohols  described  in  this  paper  carry 
the  functional  side  chain  in  position  f»  (I),  that  is,  para 
to  the  ring  nitrogen.  This  simulates  a  relationship  to 
the  4-substiiutcd  quinoline  amino  alcohols  as  far  as  the 
benzothiazole  system  permits.  Apart  from  the  other¬ 
wise  unsubstituted  derivatives  (la),  2-phenyl-substi- 
tuted  derivatives  (lb)  were  also  prepared  because 
2-phenyl  substitution  in  the  quinoline  series  had  proved 
advantageous  to  intimalarial  potency,6  perhaps  due  to 
inhibition  of  oxidative  biotransformation.  However, 
since  the  2-phenyl-substituted  quinolineamino  alcohols 
cause  photosensitization7  and  this  may  he  associated 
with  their  increased  conjugation,*1  2-trifluuromethyb 
substituted  benzothiazoleamino  alcoliols  (Ic)  were  pre¬ 
pared  to  avoid  this  effect;  in  the  quinoline  series, 
2-CF3  substitution  furnished  amino  alcohols  with 
moderate  autimalarial  activity  and  less  photosensitiz¬ 
ing  properties.9 

R..N(CH->)n  CHOI! 

In,  IT  -  II 

b,  IT  =  Cdlr. 

c,  IT  -  (My, 

n  —  1-3;  H/N  «  dialkyluinino,  pipcriiliuo 


benzenelhiol11  and  this  was  eyrlizt  d  with  fortnie  acid  to 
(i-benzot hiazoly I  methyl  ketone  (II).  Broinination  of 
11  was  followed  by  treatment  of  the  resulting  bromo 
ketone  with  secondary  amines  and  reduction  of  the 
amino  ketones. 


The  2-phenyl  (lb,  n  -=  1)  and  2-t rilluoromethyl 
(Ic,  u  -  I)  analogs  were  obtained  essentially  by  similar 
routes,  benzoyl  chloride1-  and  Irifhioroacetic  ajihydride. 
respectively,  being  used  in  dimethylaniline  solution  in 
tin*  ring  closure  instead  of  formic  acid.  The  broniina- 
tion  of  the  ^-substituted  b-hcnzothiazolyl  methyl 
ketones  in  acetic  acid  always  led  to  mixtures  of  mono- 
and  dibromo  ketones  from  which  the  monobroino 
ketone  could  be  separated  by  repeated  crystallization. 

()-[3-I)imetliylan\ino-  (and  piperidino-)  1-hydroxy- 
propyl  ]l>onzothiazoles  (la-c,  n  =  2)  were  prepared  by 
roduction  of  the  corresponding  Mannich  bases. 

Fhe  synthesis  of  one  example  of  a  0-(4-dialkylamino- 
t-hydroxybutyl)-2-phenylbenzothiazo!e  [lb.  n  —  *>; 

B.,N  —  X(Clfa)s]  was  accomplished  by  reducing  ethyl 
2-phenyl-b-benzothiazoleearboxylate  (III,  H  --  CAlIr.) 
to  2-pheuyl-G-bonzothiazolemethunol  (IV),  oxidizing 
IV  to  2-phenyl-h-bonznthiazolealdehyde  (VI),  and  con¬ 
densing  this  with  7-dimothylaminopropylmagne>iuiu 
chloride  (Scheme  I). 

The  2-unsubstituted  aldehxde  (\  )  was  prepared  by  a 
similar  sequence.  Condensation  oi  \  and  of  \  1  with 
nit.romethane  yielded  l-(t>-bcnzot  hiazoly  lb  2-nit  ro- 
ethanol  (VII)  and  its  (2-phenyl-l>-benzothiazolyl)  de¬ 
rivative  (VIII),  respectively.  Attempts  to  reduce 
these  nitro  alcohols  to  primary  amino  alcohols  failed. 


Chemistry. — For  the  synthesis  of  amino  alcohols  of 
type  la  (n  =  1)  /j-nminoacctophcnnnc  was  thio- 

cyanated10  and  then  converted  to  f>- acet y  1 -2-ami no- 

(!)(*)  This  work  w»is  niiMpor(rd  iiy  flu*  V.  S.  Arrm*  .M.-diral  l?f.-#»itrr|, 
and  l>f»vetoprncnt  (Xininimd,  (’tmtuu'l  PA- 1 1  ■  -  |*W- M  P-i'H-Vy  < 

No.  2'J8.  (Ii)  To  whom  in<|«iiri«»i  should  to*  dm<**l.  , >  nn  I.'jim-  of  :i  1  •  - 

■rnrr  from  Kumh  flint  ni  t'mvfr«*itv.  Kurukdiri  m  t  |l.u\ m  i  i.  India. 

(2)  I.  I..  K mm\ iint-*  und  <>.  V.  |l»*io,voli-n^k:iv:i .  ,/.  *»•»>.  f’l-tru.  I  7. 

2471  ( I'.riTV 

Cl)  II.  Cox  und  M.  T.  J.  im.  f 61,  201  ;  1 1 •  * 

14)  M.  I,  .Mtrr'ury,  S.  U.  Sim  -  nt.  :ui<l  M.  I,.  <  i"  ,  f»H,  l*‘l| 

(Clift). 

n.  w.  Ft ..  \.  a.  i:.  c.  i..u.  .u..»  \  /. 

rurl.  ('hem.,  4,  I*'.1  1  l '. »• » 7 1 

(ft)  r.  v.  \\  i  ii*.  ■  \  '■  n  *.  I'V  <•  \r,»;TM  V  rs  Pr  IH|  f'O.’i 

.1.  W.  K<l«ard<  Ann  \il>*>i.  U..-l(  .  |mi 

<")  T.  N  I’-  *  Kinr  A  -  'MU'.  I  .  At.  W  1  { .  .tniH'4, 

and  I..  In  lini'i-rnfr.  J.  (7  m.  Imtsl..  27  •,  l  J  .CHS*. 

(S)  p.  I*.  JatntoiH,  Ali'MailH,  1 . «.l r. i  N. |  Mvifitr'  »*l  *),,,  Aiiii-mi  hi 
f ‘hrnm-tt)  >"«  h*i  i ,  .AJi.imi  Jo  i.  J  la  ,  A|M,i  r.M,;, 

CD  It.  M.  I,m<l**i  and  A.  I  ’■  ii ■.m-i  ,  J .  I/..’’  i'1  •••!..  11.  J>-i  )‘n,x  , 

I  M>|  ||.  |\  Kaui niaiili.  .InV  266.  I'.iT  .  |m.  h 


M.-NQ. 

M'ONa  ONCH  ,choh 


Vlt,  H  =  II 
VIII,  It  -  VJk 


Biological  Data.  Tin*  twelve  amino  alenhuls  dc>!g- 
nateil  \\itii  Arabic  nunuMaN  in  Tibh1  l  lei\r  !«*ep 
toted  fnf1  :i<*ti\  ity  agaile  t  /»<  .7.1  :  in  the 

iiioiim1  by  the  procedure*  Kane,  ft  at.r;  lValh<  n,‘* 
enrring  oiiiiaA "  2  A  alter  inh‘einni  aaitc  atinbiitrd  t" 
drug  act  ion ;  lniected.  eoiit  m!  animals  did  in  U  die  I  •  »i  *  - 
da\  <>.  TIicm*  eoiupMiuiiU  aaciv  highly  toxic  at  Hitt 
(■>10  mii  kg.  They  exhibited  lejligil-le  am  iliial. (Mai 
action  at  lower  do.-e-,  wen*  led  niratixe  at  Mi  titH 
mg  kg,  and  iucrea.-ed  .-urvival  inne  iroin  ()..»  2  M  <!a\^ 


ip  in. .1  »r.  1  x  „  r  . .  «»  i:.*  )•.. 

l*i  II.  I'  l  1 1  J.«->in  »  till  A  I  Km.  /  l...  •  ...  .*  •  S3,  if.  i-i  1 
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oh!\ .  Sul»tilutiuii  by  pliruv]  or  trifluornimshvl  :tl 
position  -  tiul  not  alTirt  iintinialnrial  behavior.1* 

S*  iikmk  I 


V. R-H 

VI.  R  -  C,H ... 


Experimental  Section 


Melting  points  (taken  in  a  heating  hath)  and  boiling  points 
are  ui> corrected.  Ir  spectra  (KBr)  were  taken  mi  a  IVrkiu- 
Elmer  Spectrocord  ami  agreed  with  expected  absorption  bands. 
Where  analyses  in  'fable  1  are  indicated  only  by  symbols  of  the 
elements,  analytical  results  obtained  for  those  elements  were 
within  rfcO.d'T  of  the  theoretical  values.  Analyses  were  per¬ 
formed  by  Galbraith  Laboratories,  Knoxville,  Tenn.  5  ields, 
physical  data,  and  solvents  are  listed  in  Table  I. 

6-AcetyIbenzothiazole  < 1 1  >- — A  stirred  mixture  of  4-amino-3- 
lhioeyanoacelopheiiunt»w-u  (4.x  g,  0.25  mole),  NajS-OlLO  (72  g), 
and  il20  (150  ml)  was  healed  under  reflux  for  45  nun.  cooled, 
and  filtered  from  some  umiissoived  material.  The  filtrate  was 
neutralized  carefully  with  Aet)II.  The  semisulid  was  extract  ini 
into  ether,  washed  (IbO),  and  dried  (YgSO*),  and  the  residue 
from  the  ether  solution  was  refluxed  with  90%  formic  acid  (64  g) 
and  a  spatula-full  of  Zn  dust  for  .‘I  hr.  The  cooled  dark  mixture 
was  stirred  into  1LO  (400  ml),  and  the  yellow  solid  which  sepa¬ 
rated  was  filtered  otT,  washed  (ILO),  dried,  and  cryst  illized 
(C#H«-|)etroleum  ether  (bp  30-00°),  then  ElOII),  yield  30.. >  g. 

6-Acetyl-2-phenyfben/o(hiazole. — 4-Amiw#^3-ni/»m*iptoaeet<>- 
pherione  was  converted  to  its  hydrochloride  with  dry  HC1  in 
ether.  The  salt  (30.5  g,  0.15  mole)  was  dissolved  in  dimethyl- 
aniline  (210  ml)  and  the  solution  was  treated  slowly,  with  stirring 
and  cooling,  with  30  g  (0.21  mole)  of  benzoyl  chloride.  After 
heating  under  reflux  for  1  hr,  the  mixture  was  cooled,  poured  into 
1300  ml  of  3.9f IlCi,  and  stirred  for  2  hr.  The  solid  ketone  was 
tillered  olT,  washed  (IbO),  dried,  and  recrystallized  from  Crib 
yielding  28  g  of  pale  yellow  shiny  Hakes. 

In  a  similar  manner,  b-(2-iiiHuoromethyIhenzothiazolvl) 
methyl  ketone  was  prepared,  using  0.20  mole  of  (KjCCO) .0/0.2 
mole  of  starting  amitioihiol  ketone.  For  additional  data  see 
Table  I. 

6-Bromoacetylbenzolhiazole. — A  solution  of  Hr*  (16  g,  0.1 
mole)  in  48%  1 1  Hr  (100  ml)  was  added  dropwise  to  a  hot  stirred 
solution  of  ketone  11  (17.7  g,  0. 1  mole)  in  200  ml  of  4S%  HBr 
over  a  period  of  1  hr,  the  mixture  being  maintained  at  60-65°. 
After  additional  stirring  for  2  hr  at  60-65°  the  mixture  was  cooled 
to  0°  and  the  crystalline  salt  which  separated  was  filtered  off. 
This  salt  was  stirred  well  with  ILO,  filtered,  washed  (11*0), 
dried,  and  rryptftilized  from  C*ll*  as  pale  brown  crystals,  yield 
19  g. 

6-Uromoacetyl-2-phenylbenzothiazole.— A  solution  of  6- 
acetyI-2-phenylbenzothiazolp  (7.6  g.  0.03  mole)  in  AcOIl  (100 
ml)  was  refluxed  until  dear.  A  solution  of  Ur?  (4.8  g,  0.03  nude) 
in  AcOIl  (30  ml)  was  then  added  dropwise  over  I  hr  and  refluxing 
was  continued  for  another  hour.  A  light  yellow  solid  separated 
from  the  cooled  solution.  It  was  hit  ered  off,  washed  (ILO), 
driisl,  and  reer> -tullized  ihrec  lime**  from  (\l!„  to  -eparnte  the 
product  from  dthroitiii:. cetyl  material;  yield  4..»  g. 

f»-Dmlk\ lamino-  (or  ptperidino-)  aretylben/othiazoleK.  -The 
resfiective  O-bromi cirri vlbenzot hia/olr>  were  treated  with  a 
secondary  amine  in  drv  henzci-ror  eri  »*r  as  -peri  tied  in  the  tool- 
notes  to  Table  1.  'Hie  precipitated  amine  hwlrobroimde  was 
filtered  off,  and  t  he  filtrate  w:»-*  wa-hed  ( 1 1 :t > >,  dried,  and  con¬ 
centrated  at  reduced  fin— tire.  Solid  mono  keiom-  were  purified 
by  crystailuaiioti.  Liquid  product  *  were  nihued  without  |iurt- 
licatiou. 

(Ml  't  o-,t  i  In  (  h  » *»r**  l»>  thr  Waller  \rm\  hi-titiur 

,,l  llmt-urrli,  \\  D.  t\ 


G-|2-l)i;tlkylamino-  (or  pi  per  id  in  o- »  I -hwiroxyrthv  0  benzu- 
thia/oles  (I,  n  --  I  >.  The  appiopr i:il ■  ■  atinnomri hvl  ketone 
(0.02  mole)  \%:»-*  qi-.-oived  or  Mt-peiideri  ffi  '  50  7*  Ini' 

and  a  solution  <  f  NallJL  (0.01  0.U15  mole)  in  ILO  f5  ml'  and  J 
A  Nat >11  (l  ml;  was  at  Med  gradually  with  'lining  at  ab"i  i".  * 
After  stirring  the  tnixture  for  3  5  hr  at  25"  about  ha  It  <>(  <he  ad¬ 
vent  w'tus  removed,  and  the  mixture  was  diluted  with  )b*»  ami 
allowed  to. stand  overnight.  S*lid  amino  alcohol-  were  mlli-cted. 
washed  (IbO),  and  reerystalli/ed.  Liquid  product-  were  ex¬ 
tracted  (Kt-O),  dried,  and  eonverted  to  eoiiuiiou  >alt-.  1(  fhr-r 
fuilul  to  crvstalli/.e,  1 ,  l  -im'l hylenobi-i  2-hydM>xv-3-uaphl hoate  \ 
salts  were  prepared  for  testing  purpo-e-.  ih»- rales  lor  char¬ 
acterization  were  usually  prepared  in  ether. 

Mannich  Bases. — A  solution  of  a  6-hcnzothiazolyl  methyl 
ketone  (0.05  mole),  a  secondary  amine  hydrochloride  (0.055 
mole),  paraformaldehyde  (0.08-0.12  mole),  and  1-2  nil  of  ethereal 
I1C1  in  3-methylbutanol  (50  ml)  wits  retluxod.  If  the  reaction 
required  12  hr,  the  paraformaldehyde  was  added  in  two  to  three 
portions.  The  0-aniino  ketone  hydrochlorides  either  crystallized 
on  cooling  or  could  be  precipitated  with  ether.  The  hoses  were 
liberated  with  aqueous  Na-COj,  purified,  and  reconverted  to 
hydrochlorides  in  dry  ether. 

6-j3-I)imethylnmino-  (or  piperidino-)  1 -hydroxy propyl] he nzo- 
thiazolos  (I,  n  =  2). — The  Mannich  bases  were  obtained  from 
their  hydrochloride  salts  in  Me()ff-2  .V  NaOH  and  mim  ed  with 
NuBIL  as  described  for  the  preparation  of  I  (n  »  1)  above. 

6-Benzothiazolecarboxylic  Acid  (III,  R  -  H)  and  Lthyl  Kster. 
— A  stirred  mixture  of  ethyl  4-ammo-3-ihiocyanohengo:*ielu 
(22.2  g,  0.1  mole),  NasSalllfsO  (20  g,  0.12  mole),  and  11-0 
(60  ml)  was  refluxed  for  45  min,  cooled,  and  liltered  from 
nnv  undissolved  material.  The  filtrate  was  neutralized  with 
AcOIl,  and  the  precipitating  semisolid  aminotliiol  was  extracted 
(Et-O),  washtni  (H;U),  and  dried  (MgS(>4).  Ether  w.-ls  removed 
under  reduced  pressure,  and  the  residual  aminotliiol  wms  cyclized 
by  relluxing  with  2.5  g  of  1)0*T  formic  acid  and  a  little  Zn  dust  for 
3  hr.  The  cooled  reaction  mixture  was  poured  into  cold  water, 
the  slowly  solidifying  material  was  filtered  off  and  Inuled  with 
5%  Nall  CO j,  and  the  solid  was  again  filtered  off  after  cooling. 
It  W'as  dissolved  in  ether,  dried  (MgSOj,  and  -distilled.  The 
ester  bad  bp  122-125°  (0.2  mm),  yield  1 1.5  g. 

The  NaHCOj  solution  was  acidified  to  furnish  .3  g  of  the  free 
acid. 

Ethyl  2-Phenyl-6-henzothiazolecarboxylate  (111,  R  =  CfeH,). — 
A  crude  mixture  (1L7  g)  of  ethyl  4-amtno-3'merc:tpti>benzoatc 
and  4-amino-,‘>-mcrcaptobenzoie  acid  hydro<‘hlorides  w:is  dis¬ 
solved  in  75  ml  of  dimethylaniline  and  treated  gradually,  with 
cooling  and  stirring,  with  10  g  of  benzoyl  chloride.  After  refluxing 
for  90  min  t he  mixture  was  cooled  and  poured  into  400  ml  of 
9%  HCl.  A  solid  precipitated,  was  filtered  off,  and  worked  up  :vs 
above. 

6-BeRzothiazolemethanol  (IV,  R  =  H)  and  2-phcny I-G-benzo- 
(hiazolcmethanol  (IV,  U  =  C«H5)  were  prepared  by  reduction  of 
ethyl  6-benzol luazolecarhoxy late  and  ethyl  2-phcny  1-6-ben/o- 
thiazolccarboxylate,  respectively,  with  LiAlH4  by  t  l»e  nun  hod 
of  Zubarovskii  and  Khodot.14  Oxidation  of  these  alcohols  (0  05 
mole)  with  active  MnO?  (80  g)  in  drv  CUCb  (1  1.)  at  27°  for  24 
hr,  filtration  from  MnO  and  removal  (ff  the  solvent  gave  6-h»‘n/o- 
thiazolecarboxaldehyde  (V)  and  2-phenyl-6-benzothia7.o!ccarbox- 
aldchyde  (VI),  respectively. 

6-(4-l)imethy]ainino-l-hydrox>bu(yl)-2-phenyiben7othiazolc 
(lb,  n  =  3;  R  =  CAL). — A  solution  of  1.5  g  (0.012  mole)  of 
7-tlimelhylaminopropyl  chloride  in  THF  (2  ml)  was  added  drop- 
wise  to  a  stirred  mixture  t>f  Mg  (0.3  g,  2  mg-atoms),  dry  3311* 
(2  ml),  and  I*  (one  crystal)  which  had  activated  with  0.1 
ml  of  Mel.  When  the  vigorous  reaction  had  subsided  the  mix¬ 
ture  was  heated  at  60°  for  4  hr,  another  0.2  g  of  -,-ditnct  h\  lamieo- 
p  ropy  I  chloride  was  added,  amt  iioufiinr  wa<  roritinued  for  f  fir. 
A  sohitkm  <it  ahiehyde  V]  (1.2  g,  5  mmoles)  in  Till’  (15  ml)  was 
t hen  added  drnpwiM'  at  20  30°,  and  the  mixture  was  -lined  and 
healed  at  40  5tla  for  3  iir.  It  was  denunposed  with  ice-eold 
saturated  NILi’I  and  allowed  to  stand  overnight.  Idher  and  a 
little  11*0  were  added,  the  ether  layer  \va>  sepaiated,  :md  the 
aqueous  layer  w:i-  extracted  with  ethet.  The  combined  e*. her 
extracts  wen*  dried  'MgSOk»,  tin*  Olivetti  was  removed,  a  >1  tin* 
resithie  was  crystallized  from  petroleum  ether,  yielding  n  n  g  <4 
prod  m  t . 

V.  M.  *ku  amt  li.  I*.  l\l. ./.  i,*  m  <  ><t  m  I  >.m;,  30 
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Gh  l-Hy*lroxy-2-nilroi*thyl)ben/.olhia*olc  (VII).  -A  solution  of 
Gdiuiizothmzuleeiuboxuldehyde  (V)  (3.25  0.02  n\ole)  ami 

MrNO;  (I. *25  0.02  mole)  in  ilry  Kl  ‘  >  (75  ml)  wjls  added  to  n 

n»i\l im*  of  I  ml  «»i‘ o  A  XaOMein  MeOll  :itnl  ether  (  It*  ml)  over 
u  period  of  10  min.  After  beinn  stirred  :it  2s J  f* u*  1  hr,  the  mix¬ 
ture  was  treat  ill  with  Art  >11  (3  ml)  in  ether  <20  ml)  anil  stirred 
for  anotho*  15  min,  ami  NaOAr  w;ls  filtered  **IY  ami  washed  with 
el  her.  The  reTdue  1 1«  >n  i  the  ether  >oluln»ti  was  a  pale  yellow 
solid.  It  was  washed  (I  I.O)  ami  dried  ami  weighed  3.S5 
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II 
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74 
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t’,11 

II 

CIIO 

7S 

(  Vel«»lie\an*w* 
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II 

CIIOHCIUXO, 
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C,  II 

CdU 

CO;C:lf:, 

55 

Eton 
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C.  11 

CVIU 
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91 

cdu 
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C,  11 
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GO 
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SO 
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*  Compound-.  with  Arahie  numerals  have  heen  teste*  I  for  ant  imalarial  art  ivity.  ’’  PE  --  pet  rolentn  el  her  lh|>  50-  GO’).  f  P . Itdilied 

at  140u,  •  I*-*  ■otiipnseil  at  250  210°.  ft  The  ketone.  I!  =  COClf.XP-,  was  prepared  in  (VI  If,  under  N;  at  27°  l’«  <r  5  hr.  *  Prepared  hv 
rnixii.K  e<pimit>i  ir  amounts  of  I  he  amine  •  1 1  Hr  and  i  lie  atiitnoniuiii  sji  It  of  i  he  or^anie  aei*l  in  1 1  A  >,  filleriuK,  and  cli  \  inu  ( P2( ),  j.  •  I  »•  »t 1 1 d»» 
tup  I ‘Js  |;;i)  \  210  2-70  '  dec.  Prepaied  from  the  hvdn.luomide.  *•  XCMUi  --  pipeudmo.  1  Pinaie  tmni  I’m  »Ae.  mp  105-104 V  \  as 
not  atialwd.  1  Maunirh  n  aetion  time  1  hr,  separated  on  eiioling,  linlil  yellow  solid,  rcer\>!alli/ed  after  i  hafei.al  iieatinent.  *  Ha  e 
w:im  vi'OHts  liapnd :  *hhvilr*t«h!oi ide  was  prepared  in  dry  KhO.  1  Prepared  in  (MU  at  27’  for  4  hr.  then  at  5nJ  for  1  hr.  "  IVeom- 
p*wd  mi  !.e.oi:ii£  m  suUeiit<i.  *  Heart mn  time  12  hr:  separated  on  eouling.  11  Prepated  fn'iu  the  ketone  ami  Hi  m  Art  HI  at  till  70  \ 
w  From  the  hmmo  ketone  in  I'.Ntl  at  27°  for  21  hr  *  Prepared  front  the  erode  Ii.im*  hv  Hie  general  pimvdure  of  .1,  |[.  Hillman,  I  >.  C • . 
Thomas,  M.  Ilednek,  (l.  Srhroieul>t*ei\  l>.  K.  Barnes  J.  Neiuee,  1*.  Tiix,  ami  I  !  Clel.iml,  On}.  t  V.iwi.,  II,  77  ;  1004  i.  f  Pearl  ion 

time  I  s  hr:  ■separated  on  addition  of  |j.<>.  •  S.  <»  Fridman,  ./.  (!rn.  (7in«.  f  SSL',  20.  1 1  *  1 1  1 1  •  •.Ai  t  <.  mp  *  i  |  ^ .  1  I.u.*  tun  217'. 

■*  LuP  mp  -01  V  r  Picpared  Irorn  aldehyde  VI  as  des*  nl**d  lor  the  2'iitiMihd  mued  dnnative,  hut  »i-in^  Till-  m  :*ad  of  !,:(>. 
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2 -Aroxy  and  2-pChloroani Lino  4-c[uinoIinc  Aminoalcohols 


Antimahrials.  9.  a-(2-Piperidyl)-4-qu!noUnemethanoiS  Carrying  2-Aroxy 
and  2-<«-ChIoroaniiiuo)  Groups*’1 

/  K  Journal  of  Medicinal  Chemistry,  16. 52fl  (1973). 

Charles  R.  Wetzel,2  James  R.  Shank] in,  Jr.,3  and  Robert  E.  Lutz* 

Department  of  Chemistry,  University  of  Virginia,  Charlottesville,  Virginia  22901 .  Received  February  24,  1972 


Twelve  a-(2-piperidyl)-4-quinolinemethanols  were  synthesized  from  2-chiorocinchoninic  acids  by  addi¬ 
tions  of  2-PyLi,  displacements  of  2-Cl  of  the  resulting  4-quinolyl  2-pyridyl  ketones  by  aroxy  or  p-chloro- 
anilino,  and  hydrogenations  of  the  keto  and  pyridyl  groups.  Activities  against  Plasmodium  berghei  in 
mice  were  comparable  with  those  of  2siryl  analogs.  The  6,8-dichloro-2-(p-chlorophenoxy)  compound 
was  curative  at  20  mg/kg  but  was  phototoxic.  2-Chloro-ot-diethylaminomethyl-4-quinoUnemethanoi, 
synthesized  by  a  conventional  route,  was  “inactive”  against  P.  berghei  but  active  against  Plasmodium 
gallinaceum  in  birds 


Syntheses  of  12  a-(2-piperidyl)-4-quinoiinemethanols  (1- 
12)  (and  incidentally  the  2-chlorodiethylamino  alcohols 
13  and  14)  were  undertaken  with  the  following  expecta¬ 
tions:  that  the  2-aroxy  and  2-(p-chloroanilino)  would  pre¬ 
vent  oxidative  biotransformations  to  less  active  carbo- 
styryls;4  that  these  groups  would  lead  to  liigh  activities 
against  Plasmodium  berghei  in  mice  with  f  rm  binding  of 
the  molecules  to  the  host  tissues;*  and  that  phototoxicity, 
formerly  thought  to  be  associated  with  conjugation  of  aryl 
and  the  2-quinohne  nuclei0-8  in  highly  curative  drugs  such 
as  15, 9  might  be  reduced  by  intervention  between  the  aro¬ 
matic  nuclei  of  the  heteroelement  0  or  N  which  would  de¬ 
stroy  the  direct  conjugation  although  replacing  it  by  forked 
conjugation.10 

Chemistry.  The  a-{2-piperidyl)methanols  1-12  were  syn¬ 
thesized  from  appropriate  isatins  through  2-hydroxy-  and  2- 
chJorocinchoninic  acids  16-20  (and  ester  21).n~14  Rather 
than  displacing  the  2-Cl  at  this  stage,11  the  reactions  out¬ 
lined  in  Scheme  1  were  used,  namely,  additions  of 
2-PyLi, IS'19  then  aroxy  and  aniiino  displacements  of  the 
active  2-Cl20  of  the  2-pyridyl  ketones  22-26  (more  difficult 
when  an  8  substituent  was  present),  and  simultaneous  Pt- 
Hr*AcOH17  hydrogenations  of  the  keto  and  pyridyl  groups 
of  27-38.  Reduction  of  the  p-methylthiophenoxy  analog 
40,  however,  was  incomplete  and  stopped  at  the  a42- 
pyridyl)methanol  stage  43,  presumably  because  of  catalyst 
poisoning  by  sulfur  of  the  substrate.  The  products  1-12 
were  isolated  only  in  one  of  two  possible  racemic  forms. 
Difficulties  in  and  deviations  from  usual  procedures  are 
given  in  the  Experimental  Section. 

In  preliminary  experiments  toward  making  a-diethyl- 
aminomethyl-4-quinolinemethanoIs  carrying  2-hetero  sub¬ 
stituents  which  might  then  be  displaced,20  13  and  14  were 
synthesized  by  the  standard  sequence,  Scheme  II.9’21 

Biology.  Results  of  tests  against  P.  berghei  in  mice  by 
the  method  of  Rane22  are  given  in  Table  1.  In  activities, 
the  or-(2-pipcridyl)-2-aroxy*  and  2-(p-chloroanilino)-4-qutno- 
linemethanols  1-12  proved  to  be  similar  to  2-aryl  analogs 
typified  by  15. 9  That  chloro  is  a  more  effective  auxo- 
pharmacophore  than  methyl  is  shown  by  marked  and  con- 

tC’ontribution  No,  1042  of  the  Army  Research  Program  on 
Malaria.  This  work  \%as  supported  »n  part  hy  (a)  the  U.  S.  Army 
Medical  Research  amt  Development  Command,  Office  of  the 
Surgeon  General,  Contract  No.  Oa-4H  I  93  Ml)  295S,  R  E  Lutz, 
Responsible  Investigator,  with  Posteraduate  Research  Assistantships 
to  C.  W.  W.  and  J.  K.  S.t  t  9bS;  (b)  NASA  Traineeship  fr>  J.  R.  S.f 
I96H-1969.  and  (c)  a  tellowship  to  J.  R.  S.  under  A.  II.  Robins  Co. 
research  grant  to  R.  E.  L.,  University  of  Virginia,  19*9-1970.  Anti- 
maUrial  and  phototoxicity  teil  results  were  supplied  by  Walter 
Reed  Axmv  Institute  of  Research  (WRAlKE 


1,  R  =  H;  R’  -  4-Me 

2,  R  =  6-Me;  R*  =  4-Me 

3,  R  =  frCl:  R'  =  4-Me 

4, R=H;R  =4-Cl 

5,  R=  6-CUR'  =  4-Cl 

6,  R  =  6,8-Me,;  R'  =4-0 

7,  R  =  6,8-Cla;  R'  =4-0 

8, R  =  6,8-C11;R’=  3,4-0 


9,  R  =  H 

10,  R  =  6-Me 

11,  R  =  6-0 

12,  R  =  6,8-Me, 


13,  R  =  H 

14,  R  =  6,8-Cl, 


15 


sistent  activity  differences  between  analogs,  and  p-chloro- 
phenoxy  appears  to  be  slightly  more  effective  than  p- 
chloroanilino.  The  most  active  compound  was  the  6,8-di- 
chloro-2-(p-chlorophenoxy)  (7);  it  was  “active”  at  10  mg/kg, 
curative  at  20  mg/kg,  and  somewhat  more  active  than  the 
a-dibutylaminomethyl-6,8-dichIoro-2-(3,4-dichlorophenyl) 
analog  15.  The  combination  of  three  aromatic  chlorines  plus 
the  2-aroxy  oxygen  in  7  has  produced  almost  the  same  level 
of  antimalarial  activity  as  the  combination  of  four  aromatic 
chlorines  in  the  a-dibutylaminomethyl  2-aryl  analog  15. 

Representatives  of  the  more  active  of  the  compounds  1- 
12  proved  to  have  high  to  moderate  phototoxicities23  com¬ 
parable  with  those  of  2-aryl  and  2-aroyl  analogs.7’8,10  It 
appears  that  intervention  of  the  hetero  elements,  oxygen  or 
nitrogen,  between  the  2-aryl  and  the  quinoline  nuclei  (like 
the  carbonyl  group  in  2-aroyl  analogs’0)  has  little  or  only 
moderate  effect  on  both  antimalarial  activity  and  photo¬ 
toxicity. 


Experimental  Section 

Satisfactory  spectra  were  obtained  where  required  for  structural 
determination.  Instruments  used  wetc:  for  melting  pomt,  Thomas- 
Hoover  apparatus;  u,  Pcrkin-Elmer  337;  nmr,  Hitachi  Pcrkin-Elmer 
R-20;  and  mass  spectrum,  Hitachi  Pcrkin-l  Imet  KMU  6F.  Micro- 
analyses  by  Galbraith  Lab.,  Inc.,  were  correct  within  *0  4"l  (see 
Table  II  foi  data). 


Sdtemt  Ia 


Scheme  tl 


CQOH 


22-26  27-29,  X  =  OPhMe-p 

30-33,  X  =  OPhCl-p 
34,  X  =  OPhCl,(3,4) 
35-39,  X  =  NHPhCl-p 

40,  X  =  OPhSMe-p 

41,  X  =  SPhCl-p 

NPhQ 

RQCOOMe  2‘PyH  26  clPhtvJ^i>  QCPy  -ill  39 
21,  R  -  6,8-Cl,  H* 


40 


Pt-Hj 


OH 

QCHPy 

43 


27-38  SdSbu  1-12 
AcOH 


aQ  =  4-quinolyI;  R,  see  Table  II. 

2-Hydroxyrinchomnic  add  (75%)  and  derivatives,  6-Me  (76%) 
and  7 -Cl  (30%),  were  prepared  from  the  isatins  through  W-acetyl- 
isatm.11*11  The  derivatives,  6-C1  (51%),  6,8-Me2  (55%),  6.8-Cl? 
(89%),  and  7-C1  (65%),  were  made  from  the  isatin  and  malornc 
add  (AcOH,  reflux  15-17  hr).14 

2-Chk>rorinchoninic  acids12  16-20  were  obtained  ( ca .  80%)  by 
treatment  of  the  2-hydroxy  acids1’  with  P0C13  (reflux,  3  hr), 
hydrolysis  by  H20  (3  hr;  but  for  17  and  20,  by  solution  in  dioxane 
containing  excess  2  N  NaOH),  solution  in  NaHC03,  and  reprecipita¬ 
tion  by  acid. 

Table  I.  Bioassay  Data0' b 


COCl 


45-50 


QCOCH2Br  NHEtj 
51-54 


QCOCHjNEtj  HBr  - *  13,14 

1  Na  BH4 


Methyl  2,6,8-Trichlorocinchoninate  (2 1).14  A  solution  of  10.8 
g  of  2-hydroxy-6,8-dichlorocinchoninic  add  in  30  mi  of  SOClj,  9  ml 
of  DMF,  and  25  ml  of  C6H6  was  refluxed  (15  hr)  and  evaporated. 
Treatment  of  the  residue  with  5  I.  of  refluxing  MeOH  (10  min)  gave 
21  [ir  (KBr)  1745  cm'1  (C=0);  nmr  (CDC1,)  6  4.10  (s.  3,  OCH,). 

7.92  (d,  1 ,  /  =  3  Hz,  7-H),  8.05  (s.  1 ,  3-H).  8.78  fd,  1 ,  /  =  3  Hz,  5-H)]. 

2-Chloro-4-quinolyl  2-Pyridyl  Ketones  (22-25).  To  5 1 .5  g  of 
22%  n-BuLi  (in  hexane,  0.177  mol),  in  75  mi  of  EtjO  (distilled  from 
dry-Na)  (-60°  ,  under  N2,  stirring),  was  added  28.2  g  (0.179  mol) 
of  2-BrPy  (30  min)  and  then  1 1.6  g  of  17  (0.048  mol)  in  4S0  ml  of 
THF  (distilled  from  LiAlHJ  with  stirring  (4.5  hr).  Warming  to  -35°, 
addition  of  100  ml  of  I120.  H20  quenching,  standing,  filtering,  wash¬ 
ing,  drying  (110°),  and  chromatoeraphy  (A120} ,  elution  with  C*H# 
and  CHC13)  gave  24  [ir  (KBr)  1680  cm1  (0=0) |.  The  use  of  Et20, 
EtjO-THF,  or  THF-glyme  as  reaction  solvent  generally  gave  poorer 
yields  (4%  of  26). 

2,6,8-Trichloro-4-quinolyl  2-Pyridyl  Ketone  (26).  Portionwise 
addition  of  ester  21  to  2-PyLi  in  Et20(-78°)  (charcoal  treatment: 
CHC13 ,  Celite)  gave  26  [ir  (KBr)  1680  cm-*  (0=0);  mass  spectrum 
(70  eV)  mje  (rel  intensity)  340  (18),  338  (54),  336  (55),  311  (36), 
309  (100),  307  (100),  275  (74),  273  (100),  234  (9).  232  (32), 

230  (32),  78  (78)).  A  similar  run  in  1:1  EtjO-THF  (-60°)  and 
chromatography  (Al203,  C*Hj-CHCl)  gave  4%  of  26. 

2<p-Methylphenoxy)-,  2-(p-Methylthio)phenoxy-,  and  2-(p- 
Chlorophenyltfuo)-4-quinolyf  2-Pyridyl  Ketones  (27,  40,  41).  A 
solution  of  2.6  g  (9.2  mmol)  of  22  and  3  g  of  NaOC6H4Me-p  (23 
mmol)  in  35  ml  of  dioxane  (distilled  from  CaH2)  was  refluxed  (15 
hr);  27  was  then  precipitated  by  H20  quenching.  40  and  41  were 
made  like  27  (dioxane.  reflux,  ca.  22  hr).  Under  similar  conditions 
25  was  recovered  (90%),  and  in  diglyme  (retlux,  6  hr)  the  product 
was  ar.  intractable  oil 


Antinialaria!  activities,0  MSTr  (days),  C  (cmvs)d,e 


Rel  _ Dose,  mg/ kg _  phototoxicity,*  MED/ 


Compd 

no. 

X 

R 

20 

40 

80 

160 

320 

640 

Ip  (oral),  dose,  mg/kg 

1 

932 

OPhMe-p 

H 

0.4 

0.4 

0.6 

0.8 

0.8 

1.0 

2 

933 

OPhMe-p 

6-Me 

0.4 

0.4 

0.6 

0.6 

2.6 

7.8 

3 

934 

OPhMe-p 

6-C1 

0.2 

0.6 

3.0 

3.4 

5.2 

Toxic 

4 

940 

OPhCl-p 

H 

0.3 

0.5 

2.9 

7.1 

9.1 

2C 

5 

965 

OPhCl-p 

60 

1.3 

5.3 

13.7 

1C 

4C 

4C 

75  (50) 

6 

945 

OPhCl-p 

6,8-Me, 

0.5 

5.5 

125 

13.9 

2C 

2C 

7 

970 

OPhCl-p 

6,80, 

2C 

3C 

5C 

5C 

5C 

5C 

(50) 

8 

973 

OPhCl,(3,4) 

6.80, 

13.9 

3C 

5C 

5C 

5C 

5C 

25  (25) 

9 

9?0 

NHPhCTp 

n 

0.6 

0.6 

1.0 

7.8 

10.0 

1C 

10 

931 

NHPhCl-p 

6-Me 

0.6 

0.6 

0:8 

1.8 

11.2 

4C 

15 

11 

938 

NHPhCl-p 

60 

0.3 

0.5 

1.7 

6.1 

2C 

2C 

12 

939 

NHPhCl-p 

6,8-Me, 

0.3 

0.3 

1.7 

3.7 

6.9 

2  C 

25 

15* 

556 

PhCl  ,(3.4) 

6,802 

3C* 

6C 

8C 

10C 

10C 

10Cf 

25 

13* 

935 

Cl 

H 

0.4 

1.0 

1.2 

3.2 

a Against  P  hrr?het  in  mice  (see  ref  22)  *See  ref  23.  rMean  survival  times  in  days;  a  compound  is  considered  "active’*  when  MST  is  doubled 
or  more.  3  number  of  cures  (mice  surviving  to  60  days)  out  of  test  groups  of  five  mice  ‘T  or  15  test  croups  were  ten  mice  ^MID  -  min¬ 
imum  effective  dose  in  milligrams  per  kilogram  *15  ~  VVR  3OU90 <SN  15068).  the  2-arvl4-Cf!0!ICHl* HO  analog,  it  is  included  for  compan 
son.  hnm  is  tne  o-O I  aNEt,  HO  analog,  it  was  active  at  1 60  mc/kz  acainst  P  ealhnact in  Nrdv 
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2-(p-Chk>rophenoxy)-6-chk>r<J  and  6,8-Dimcthyl-4-quinoiyl  2- 
Pyridyl  Ketones  (31  uiui  32).  Under  the  above  conditions  using 
NaOPhCl-n  (reflux.  48  hr)  24  was  recovered  (80%).  Use  of  DMSO 
or  DMSO,  as  solvent  <  U.O  and  l  25  )  gave  intractable  products.  A 
solution  of  1 .36  g  (4.5  nitmd)  of  25  and  4.5  g  I  30  mmol)  of 
NaOPhCl-p  in  32  g  of  molten  p-chlo:*.  pher.cl  was  :t»rcd  at  *35“  ( 1 3 
hr)  and  quenched  in  11,0.  The  product.  32,  was  charcoaled  (Et30) 

(ir  (KBr)  1685  (C=0>.  1232  oil1  (COO).  Reaction  of  24  under  the 
above  conditions  was  incomplete  in  10  hr  (tic)  but  in  22  lir  gave  31. 

2-(p-Chloro-  and  3,4-dtchlorophenoxy|-6,8'<itehloro-4-quinolyl 
2-Pyridyl  Ketones  (33  and  34).  To  Cei!*-wa&hed  Nall  (0  069  mol, 
from  3  g  of  a  55%  dispersion  in  mineral  oil)  in  200  ml  of  DMF  (mo¬ 
lecular  sieve  4A.  48  hr)  was  added  dropwise  a  solution  of  22  g  (0.17 
mol)  of  p-ch  loro  phenol  (in  100  ml  of  DMF)  and  then  4  g  <  1 .32  mmol) 
of  26.  Heating  (95''.  1 1  hr),  1130  quenching,  and  crystallization 
from  Me3CO  (charcoal)  gave  33  [tr  (KBr)  1680  (0=0),  1235,  1215 
cm'1  (COC);  mass  spectrum  (70  eV)  m/c  (re!  intensity)  432  (15.6), 
430  (43.8),  428  (43.8).  326  (26.5).  324  (79).  222  (79),  78  (100)]. 
Compound  34  was  made  similarly  from  3.4-dtchlorophenol. 

2-{p-Chloroanilino)-4-quinolyl  2-Pyridyl  Ketones  (35-38).  A  50* 
ml  solution  of  3.5  g  (0.01 18  mol)  of  25  and  6  g  of  p-chioroaniiine  in 
absolute  EtOIl  was  refluxed  (48  hr;  23  and  24  required  only  6  hr). 
After  adding  50  ml  of  11,0  and  25  ml  of  concentrated  MCI,  and 
again  refluxing  (1  hr),  38  was  precipitated  by  H;0-NaOH  quenching 
(ir  (KBr)  1720  cm'1  (OO)] .  Without  HCl  the  antUvas  obtained,  mp 
198-200'*  (not  analyzed)  (iriKBr)  1630  cm’1  (ON)  1- The  2,6-Cl* 
ketone  26  under  these  conditons  failed  to  react  with  2,4-dimethvl- 
aniline  (24  hr). 

24p-Chk)ToiniUno)-6,S*dichloro-4-quinolyl  2-Pyridyl  Ketone  (39) 
and  Its  Anil  \42).  A  solution  of  5.9  g  (17.6  mmol)  of  26  and  5.1  g 
of  p-chloroaniline  HG  in  100  ml  of  p-chloroamline  was  stirred  at 
95^  (under  Na ,  8  hr).  HaO  quenching  gave  42.  Solution  in  1.8  I.  of 
1.5  Af  HCl  in  60%  hlOH  and  refluxing  (2  hr)  gave  39.  In  a  separate 
experiment,  anil  42  was  washed  with  dilute  NaOll  [ir  (KBr)  1685 
cm'1  (C=0);  mass  spectrum  (70  eV)  m/e  (rel  intensity)  431  (36), 

429  (98),  427  (100),  325  (20).  323  (59),  321  (59),  290  (8),  7.88 
(27),  286  (34).  78  (61)].  It  is  evident  that  displacement  of  2 -Cl  by 
an  aniline  is  impeded  by  an  S-quinoiine  substituent  and  by  o-Mc  in 
the  aniline  and  that  the  reaction  is  autocatalyzed  by  HCl  liberated.24 

2-Aroxy-  and  2-(p  Chloroantlmo)-<i-(2-piperidyl)-4-quinoline- 
methanols  (1-1 2).  Hydrogenations  of  the  2-pyridyl  ketones  27-39 
were  by  Pt-H,  (0.2  g  of  84%  PtO,  per  3  g  of  substrate  at  43  psi  in 
250  ml  of  AcOH),  followed  by  filtration  (Celite),  and  Na0H-II2O 
quenching  (directly  or  after  vacuum  evaporation  of  AcOH  and  solu¬ 
tion  in  Me,C0). 

a*(2-P>  riciyl)-2-[p-(methyIthio)phenoxy]-4-quinolinemethanoI 
(48)  was  made  from  40  bv  pt-H.-AcOH  (as  above)  (ir  (KBr)  3100 
cm'1  (broad,  OH);  nmr  (CDCI3)'&  2.50  (s,  3.  SCH,).  4.40  (s,  1,  OH), 
6.42  (j, 

Attempted  Synthesis  of  u42-Piperidy0-6,8-dichk>ro-2-(p-chkm>- 
phenyf)-4-quinolinc met hvla mine  (OCH(NHa)Pip;  for  Comparison 
with  7  and  15).  6,8-Dichloro-2-(/>-chlorophcnyU-4-quinolyl  2-Pyridyl 
Ketoxime,  QC(2-Pip)=NOH  (44).  Reaction  of  2-PyLi-EtaO  with 
the  cinchoninic  methyl  ester  (-78°,  under  N, )  and  treatment  of  the 
resulting  ketone  (83%)  with  NH,0ll  HCi-pyridine  in  absolute  EtOH 
(reflux  6  hr)  gave  44  fir  (KBr)  3225  cm*1  (OH),  no  0=0  band].  Pt- 
H3-AcOH  reduction11  gave  an  unpromising  mixture  (six  compounds, 
tic). 

2-Chlorocinchoniny!  Chlorides  (45-50).  For  45  and  48,  sec 
ref  13.  For  the  others,  a  melt  of  69  g  (0.278  mol)  of  (e.£.)  20  and 
112  g  (0,535  mol)  of  PCI,  was  refluxed  (5  hr),  cooled,  washed 
(Et,0),and  charcoaled  (hot  Cttll4). 

2-Chk>ro-4-quinolyl  Bromomethyl  Ketones  (51-54).  Addition 
of  49  (11.3  g,  0.05  mol)  to  6  g  (0.14  mol)  ofU^N,  in  400  ml  of 
alcohol-free  Ft;0  (4  hr),  addition  of  40  ml  of  48%  HBr  (1  hr),  ex¬ 
tractions  (Ft  ;0),  dry  me  (CaSu4).  and  evaporation  cave  53. 

2-Oiloro-u-diethylaminometliyl-4-quinolinemechanols  (13,  14). 
To  a  solution  of  2  84  g  (0.01  mol)  of  (e  g.)  51  in  5 1  ml  of  Et,()  was 
added  2.82  g  ot  FtJNll  (  3  hr,  20  ).  After  tiltration  and  vacuum 
evaporation,  a  *>iunon  >f  the  «  il  in  50  ml  of  MeOH  was  treated  with 
0.35  g  of  NaBI  V  anvi  4  ml  ot  II :t)  (stirring  3  hr).  After  quenching 
(1.5  1.  uf  11,0;  itandirig  5  brt,  v  k  uum  evaporation  of  EtaO  extracts, 
solution  of  ihe  residue  m  Ft.O  and  drying  (CaSOJ,  1  3 •  HCl  was 
precipitated  by  drv  IK  I-l  t.O. 

2-Chk>ro-4^7jnoq urn. times  (55-60). 2*  The  2-chJoroein- 
chomme  actus  (where  attempts  at  direct  KF  exchange  had  failed) 
were  converted  to  acid  chlorides  45-50  and  thence  by  C,ll*-N!l,- 
HjO  (stirring)  to  crude  amule>  uir-drted)  which  were  then  Heated 


(16  hr)  with  refluxing  POCl,-PCl,  (rather  than  SOCI3). 

2-Hydroxy-4-acetylquinoline  (61).  Reaction  of  2-chloro-4- 
cyanoqumoline  (55)  with  MeLi  ( -60u,  £t,0,  3  hr)  was  incomplete. 
After  recovery  of  55  (38%)  and  hydrolysis  of  the  l  tOH  filtrate,  an 
equal  volume  of  18%  HCl  was  added  (reflux.  2  hr),  giving  61. 

2-Fluoro-4-cyanoquinolines1"  (62-*>b).  With  KF  in  DMSO 
(anhydrous,  under  Na,  180°),  55-60  underwent  selective  displace¬ 
ment  of  2-Cl  by  F.  Attempted  hydrolysis  of  CN  of  62  (75%.  H;S04, 
100°,  4  hr)  gave  2-hydroxy  cinchoninic  acid,  whereas  under  these 
conditions  2-chloionitnle  55  was  converted  into  2-chlorocinchoninic 
acid  (16). 
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Table  M.  Quinoline  Conti  ■ 

Compd  .  R  R, 

R.- 

Crystn  solvent*-* 

Mp,  °C 

%  yield 

Formula 

Analyses'"-*7 

l 

li 

OPhMe-p 

CHOHPip 

Eton 

199-200 

61 

c„h.4n.o, 

C,  H,  N 

2 

6-Me 

OPhMe-p 

CHOHPip 

EtOH 

167-169 

38 

c2Jh;ana 

C,  H,  N 

3 

6-C1 

OPliMe-p 

CHOHPip 

EtOH 

180-181 

46 

C\,H„GN,0, 

C.  H,  N 

4 

H 

OPhCl-p 

CHOHPip 

EtOH 

173-174 

42 

ciA.ciNA 

C.H.N 

5 

6Ci 

OPhCt-p 

CHOHPip 

EtOH 

183.5-185 

40 

cuiizoa7  n;o. 

C,  11,  N 

6 

6.8-Me, 

OPhCl rp 

CHOHPip 

EtOH 

171-172 

52 

C,,U,SC1N,0, 

C,  H.N 

7 

6,8-Cl, 

OPhCl  -p 

CHOHPip 

h 

208-209  dec 

42 

cI.hJana 

C,  H,  N 

3 

6.8CI, 

OPhCK(3,4) 

CHOHPip 

Me,  CO* 

196-198  dec 

51 

c3Ih1#ci4n,o, 

C,  H,  N,  Cl 

9 

H 

NHPhCI  -p 

CHOHPip 

EtOH-HjO* 

183-185 

C,,H„C1NjO 

C.H.N 

9HjO 

EtOll-lEO 

131-133 

87 

c,,h,,cin,o  h,o 

C,  H,N 

10 

6-Me 

SllVhCl-p 

CHOHPip 

EtOH-H*0/ 

117-119 

89 

C*,1E*C1N,0 

C,  H,  N 

11 

6-€t 

NHPhCl  -p 

CHOHPip 

/ 

185-187 

C,|H;,C1,NjO 

C,  H 

11  H,0 

115-117 

CjjHjjCIjNjOHjO 

C,  H,  N 

12 

6,8-Me, 

NHPhCl-/? 

CHOHPip 

Et0H-H,O/ 

228-229 

63 

C„H;6C1N,0 

C,  H 

13 

H 

G 

CHOHCH,NEt, 

HC1  EtOH-Et.O 

204-205 

15 

CisHi9C1N,0  HC1 

C,  H,  N 

14 

6.8CI, 

a 

CHOHCH,NEt, 

HC1  k 

96-99 

40 

C,SH„C1,N,0HC1 

C,  H" 

16 

6-Me 

Cl 

COOH 

b 

195  dec 

C||HbC1N0, 

C,  H 

17 

6-C1 

Cl 

COOH 

b 

187  dec 

C10HsCI,N02 

C,  H 

18 

7-Cl 

C1 

COOH 

b 

206  dec 

Cl0  H,C1,N0, 

C.H 

19 

6,8-Me, 

Cl 

COOH 

h 

205  dec 

CjjHjqCINO, 

C,H 

20 

6,8-Cl , 

Cl 

COOH 

b 

250-253  dec 

CjoH4CI3NO, 

C,  H 

21 

6,8-Cl, 

a 

-  COOMe 

MeOH 

167-169 

CjtHeCl,NO, 

C,  H 

22 

H 

Cl 

COPy 

EtOH 

149-150 

69 

c15h9cin,o 

C.H.N 

23 

6-Me 

Cl 

COPy 

EtOH 

154.5-155.5 

68 

CuHuaN,0 

C,  H 

24 

60 

a 

COPy 

d 

203-204.5 

54 

C„H#C1,N,0 

C,  H 

25 

6,8-Me, 

Cl 

COPy 

EtOH 

168-169 

74 

C17H,  jCINjO 

C,  H 

26 

6, SCI, 

C1 

COPy 

EtOH 

212-214 

68 

Cl5H7CI,N,0 

C,  H 

27 

H 

OPhMe-p 

COPy 

EtOH 

136-137.5 

71 

c„h16n,o, 

C,  H 

28 

6-Me 

OPhMe-p 

COPy 

EtOH 

111-112.5 

82 

C,jH||N,0, 

C»  H 

29 

60 

OPhMe-p 

COPy 

EtOH 

87-89 

35 

C^H^ClNjC, 

C,  H 

30 

H 

OPhCl  -p 

COPy 

EtOH 

151-153 

40 

c31h13cin,o. 

C,  H 

31 

60 

OPhCl-/? 

COPy 

Me,CO-CHCl, 

163.5-165 

71 

CuH^C^NjO, 

C,  H,N,C1 

32 

6,8-Me, 

OPhCl-p 

COPy 

EtOH 

134-13  5 

73 

c„hi7cin,o, 

C,  H,  N 

33 

6,80 , 

OPhCl  -p 

COPy 

Me,CO 

207-208 

80 

C,tHMCl^,0, 

C,  H,  N 

34 

6.30, 

OPhCl, (3, 4) 

COPy 

EtOH^ 

222-223  dec 

52 

C„Hl0a4N,O, 

C.H,  N, Cl 

35 

H 

NHPhO-p 

COPy 

EtOH 

182-184 

83 

c„h14cin5o 

C,  H 

36 

6-Me 

NHPhCl-p 

COPy 

EtOH 

180-182 

56 

c„h16cino 

C,  H 

37 

60 

NHPhCl-p 

COPy 

EtOH 

212-213 

45 

cj.hiA4,o 

C.H 

38 

6,8-Me, 

NHPhCl-/? 

COPy 

EtOH 

208-209.5 

79 

c„h1,cin16 

C,  H 

39 

6,80, 

NHPhCl-p 

COPy 

EtOH* 

236-237  dec 

78 

CJ,H„C1,N,0 

C,  H,N 

40 

H 

OPhSMe-p 

COPy 

Mc3CO 

174.5-176 

61 

C»H,.NAS 

C,  H,  N 

41 

H 

SPhCl-p 

COPy 

149.5-151 

C„H„dS'J,OS 

C, 

42 

6,80, 

NHPhCl-p 

C(Py)=NPhCl-p 

CHCIs-hexane 

165-170* 

C„U,tC!4N4 

C,  H,  N 

43 

H 

OPhSMe-p 

CHOHPy 

140-142 

71 

C„HuN,0,S 

C.H.N 

44 

6,80, 

PhCl-p 

C(Pip)-NOH 

264-265.5 

58 

C,iH,,CUN,0 

C,  H,  N 

45 

H 

Cl 

COG 

CAc 

95 

C10HjCI,NOj 

9 

46 

6-Me 

Cl 

C0C1 

c6h6c 

125-126.5 

CuH7a,NO 

C.H 

47 

60 

Cl 

COG 

c6h6c 

128-129.5 

Cl0!!,Cl,NO 

C,  H 

48 

70 

a 

C0C1 

CJKC 

106-107.5 

c10h4ci,no 

C.H 

49 

6,8-Me, 

CI 

COG 

w 

94.5-96 

49 

0,41,0, NO 

C,  H 

50 

6.80,* 

Cl 

COG 

c.h6c 

109-110 

71 

C10H3G4NO 

C,  H 

51 

H 

Cl 

COCH.Br 

FtOH 

101-102 

86 

CltlUirC!\0 

C.H 

52 

6-Me 

a 

C0CH,Br 

EtOH 

97-98 

80 

C,,H9BiGN0 

C,  H 

53 

6.8-Me, 

Cl 

COCH,Br 

EtOH 

71-72.5 

73 

CMHnBrGNO 

C,  H 

54 

6,80, 

CI 

C0CH,Br 

FtOH 

98-98 

77 

CjjHjBrGjNO 

C,  HP 

55 

H 

a 

CN 

EtOH 

153-154 

78 

Cl0lljGN, 

C,  H 

56 

6-Me 

CI 

CN 

EtOH 

121-122 

55 

CnH7ClN, 

C.H 

57 

60 

C1 

CN 

EtOH 

178-179.5 

63 

c,  olI^N, 

C.H 

58 

70 

a 

CN 

EtOH 

145-147 

47 

c10h4g,n, 

C.H 

59 

6.8-Me, 

n 

CN 

EtOH 

153-154 

64 

C,,H7CINa 

C,H 

60 

6.80, 

Cl 

CN 

EtOH 

174-175 

78 

Cl(lH  ,C1,N, 

C,  H 

61r 

II 

OH 

COMc 

EtOH 

199-200 

60 

C,  ,HvNO, 

C.H 

62 

II 

CN 

EtOH 

141-141  5C 

67 

C,„H,FN,C 

C.H.N 

63 

6-Me 

CN 

EtOH 

121-1 22c 

63 

C,iHtI;Nic 

C,  H.  1 

64 

60 

CN 

EtOII 

182-1 83. 5r 

49 

C.olUGl  N,r 

C.  H,  F 

65 

6,8-Me, 

CN 

EtOH 

1 25-1 26c 

43 

CWIMN,C 

C.H.N 

66 

6. SCI; 

CN 

EtOH 

155-1 56c 

54 

CioHjCI.FN,  c 

C,  H.  1 

JPy  *  2-pvndvl,  Pip  =  2-pipendyl;  Ph  =  phenyl.  ^Partial  purification  by  solution  in  NallCO,  and  precipitation  by  MCI.  oven  dried. 

^Vacuum  sublimed.  df hromatography ,  AI,!),. C#ll#-CHCi v  ^Chromatography ;  llorisil,  GIG ^Chromatography ;  1  loristl.  ClKl, -hexane 
*F. tOII -CHl* I,.  or  (  ICO,  (entrapment  of  or  Me, CO  shown  by  ninr), dried  at  100°  (0  05  mm)  (48  hr)  or  crystallized 

from  01,0,  'Crystallization  trom  Me, CO  rapidly  cave  polymorph  A,  crystallization  slowly  gave  polymorph  li  with  the  same  melting  |*>mt 
and  nmr  iCLK'l,)  but  differing  in  the  ir  t K Hr >  linger  punt  region,  the  ir  (KBr)  of  A  alter  solution  in  CIIC1,  and  evaporation  over  KHr  \*.is 
identical  witii  that  of  U  c  K  fir  >  /Vacuum  dried  (100  )  *  Sample  not  rccrystalhzed  'Solidified  at  I  75"  ;  re  me  I  fed  at  2M  5-2W  '"Analyses 
were  within  u  4  ; .  ot  theory  except  asto'lows  n('  c.ikd.  46.90,  found,  47  40.  (,H  calid,  3  4M.1ound,  3  85  PC  uhd.  37  W.  found.  3S  15 
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Part  6  .  5 -Substituted -2 -a rv  1  -4-quinol  i.ne  Aminoalcohol^  . 

Antimalaria  Is .  10 .  3-Substituted  a-DLalkylauiinomethyl-2-aryl-4- 

quinolinemethanols .  ,fl 

Manuscript  which  will  be  submitted  for  publication  in  the  Journal  of 

Medicinal  Chemistry 
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Abstract  41  ,6  ,8-Trichloro-2-phenyl-4-quinoline  aminoalcohols  with  a 
fourth  group  in  the  3-position,  Cl,  F  or  OMe ,  were  synthesized  for 
antimalarial  tests.  A  new- modification  of  the  Pfitzinger  reaction 
was  successful  with  a-haloacetophenones ,  utilizing  methoxyethanol  and 
trace  amounts  of  KOH.  The  3-halo  aminoalcohols  were  made  via  diazo- 
methylation  of  the  acid  chlorides;  and  the  OMe  derivative  was  made 
via  the  4-quinaldehyde  and  methylenation .  The  3,4',6,8-Cl4  and  3-F-4', 
6,8-Cl3  compounds  were  curative  against  Plasmodium  berghei  in  mice  at 
10-40  mg/kg;  they  were  moderately  phototoxic,  in  animals. 


3-Halo  and  3-methocy  2-aryl-4-quinoline  aminoalcohols  1-4.  were 
synthesized  for  comparison  with  the  highly  curative  antimalarial  7_sa  to 
gain  further  information  concerning  earlier  indications  that  phototoxi¬ 
city  in  2-aryl  types  paralleled  electronegativities  of  4' -substituents3 , 
Cl > CH3 )> 0CH3 ,  and  is  decreased  by  the  combination  of  3-Me  and  2' -Cl 
which  must  sterically  interfere  with  coplanarity  and  effectiveness  of 
conjugation  of  the  n-systems3  (eg  j3,£3,9_4).  This  work  when  started  was 
given  impetus  by  the  postulate  that  phototoxicity  of  a  final  drug  might 
be  anticipated  from  phototoxicity  of  the  cinchophen  from  which  it  was 
made,  and  from  the  finding  that  3-bromocinchophen  (ll)  was  not  photo¬ 
toxic.  However,  this  factor  per  se  now  seems  inconsequential  in  light 
of  the  effectiveness  of  l_sa  for  treatment  of  acute  malarial  in  clinical 
trials  on  man2*3*11  where  photosensitivity  proved  to  be  a  minor  considera¬ 
tion. 
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Chemistry 

Attempted  addition  of  2-PyLi5  to  3-bromoc inchophen  ( lle ) 
having  failed,  aminoalcohol  1  was  synthesized  by  the  classical 
route^3  outlined  in  Scheme  1:  diazomethy lation  of  the  acid 
chloride  17 ,  hydrobromi nation  of  the  diazoketone,  NaBH4-KOH 

reduction  of  bromoketone  2JL  to  the  epoxide  jM,  and  condensation 
with  NHBu2. 

Attempts  to  make  intermediate  cinchophens  12.  and  13^  from  the 
isatin  and  the  highly  reactive  2-haloacetophenones  by  modified7 
pfitzinger  procedure  were  unsuccessful,  but  3-methoxycinchophens 
14  and  15  were  obtainable  by  this  method70 using  the  less  reac¬ 
tive  a-methoxyacetophenones .  A  new  procedure  was  then  developed 
for  the  reaction  with  ^-haloacetophenones  using  methoxyethanol 
as  solvent  with  smaller  amounts  of  KOH,  which  gave  3-halocincho- 
phens  11-_13_  in  good  yields.  Since  neither  12^  nor  its  Me-ester 
reacted  with  2-PyLi  under  the  usual  conditions J,  the  3-halo 
cinchophens  12_  and  L3  were  converted  into  aminoalcohols  2_  and  3 
by  the  classical  route2  as  illustrated  in  Scheme  1. 
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Diazomethy lation  of  3-methoxy-6 ,8-dichlorocinchophen  acid 
chloride  (2())  and  hydrobromination  failed  to  give  the  desired 
bromomethyl  ketone  (loss  of  3-OMe  was  shown  by  ir).  A  synthetic 
approach8  through  the  4-hydroxycarbostyryl  to  4-quinaldehyde9 
was  then  successfully  applied  to  make  compound  jt,  as  outlined 
in  Scheme  II,  starting  from  6 ,8-dimethyl-4-hydroxycarbostyry 1 
(27),  chosen  instead  of  the  preferred  6,8-Cl2  analog  where  re¬ 
ported  yields  were  low90  .  This  involved  conversion  into  the 
2-amino  glyoxal  acetal  28,  condensation  with  MeOCH2COPhCl£, 
hydrolysis  of  29  to  4-quinaldehyde  30,  methylenation10  to  epoxide 
31,  and  condensation  with  NHBu2  to 
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Ant ima  1  a  rial  Activities.  Table  I  includes  test:  results  against 
P.  bergbai  in  mice  imsthod  of  tone11)  and  photoxici ties®  on  four 
new  3-substituted  4-quinoline  amincalcohols  _l-4,and  also  on  5-92’4 
for  comparisons.  Of  _l--4_,  the  3-Lluoro  derivative  3  was  the  most 
active  (at  2.5  mg /kg )  and  curative  at  10  mg/kg  .  ~ 

HC-s/X.,-, 
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aSee  ref.  11.  ^IMST=Ir.crease  in  mean  survival  time  in  days;  cytk  consid¬ 
ered  active  when  IMST  is  at  least  twice  that  of  controls  (6  days).cC= 
Number  of  cures  (mice  surviving  60  days)  of  test  groups  of  five  mice. 
d’Pest  groups  for  2  were  ten  mice.eHef.  3.  XMED  =  Min.  effective  dose. 
Sfief.  4.  hfief.  2a. 


The  results  for  the  6 ,8-dichl  oro-2- (p_-chlorophenyl ) 
and  dichlorophenyl  compounds,  2_,3,5,£  and  show  that  as  the 

bulk  of  the  3-substituent  increases  7h<F<C1<Mg)  the  antimalarial 
activities  decrease  in  that  order,  6>3>j2>  5  and  _7»8_>9^ ,  parallel¬ 
ing  the  Taft  steric  parameter  Es  (Table  IlT  which  has  been  used  by 
Hansch'*A  in  quantitative  multiparameter  structure-activity  correla¬ 
tions.  The  relationship  can  be  seen  at  10-20  mg/kg  and  is  more 
pronounced  at  40-80  mg/kg.  Activity  decreases  as  Es  becomes  more 
negative.  The  same  effect  is  observed  for  the  isomeric  2- (dichloro¬ 
phenyl  )  series  _7-9  and  5?  with  regard  to  the  ortho  position  in  the 
2-phenyl  ring.  A  comparison  of  the  activities  of  2  and  8  shows 
that  the  3  and  2' -positions  are  similar  in  effect  for  Cl  as  subst¬ 
ituent.  One  e x uluna t Ion  for  this  Is  that  Inhibition  of  coplanarity 
of  the  2-phenvl  and  quinoline  rln<5s  reduces  antimalarial  activity. 
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Tubl c  II.  Structure-Activity  Parameters  for  3-X-2-AryI- 
4-au‘inollnemetnnnoIs  Against  F,  berchei  In  Mice. 

- - - ci 
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for  6f8-Cla  analog  (3»7x6A) . 

Recently  Hansch  and  Craig13  reported  on  the  antlmalarial 
structure-activity  relationships  for  a  series  of  phenanthrene  amino- 
alcohols  as  determined  by  multiple  parameter  analysis  and  b/  additivity 
methods;  and  Craig14  reported  on  the  Free-Wllson  analysis  of  2-phenyl- 
quinoline-4-aminoalcohols .  It  was  concluded  that  both  1-octano -water 
partition  coefficients  (tt)  and  electronic  parameters  (r)  could  account 
for  most  of  the  biological  variation  for  members  of  these  series.  For 
the  quinoline  series,  the  relative  magnitude  of  these  factors  were 
separated  sccording  to  functional  group  and  position*-4.  When  the 
nature  and  position  of  all  other  substituents  are  held  constant  for 
the  3~X-phenylquinoline  system,  the  steric  effect  of  the  3-substituent 
for  compounds  2_-6  can  be  expressed  by  the  equation  in  Table  I.l  using 
the  method  described  by  Hansch15-.  This  is  the  best  single  paremeter 
equation  (F1>3  =  37.2,  Fx,j,*0.01  =  34.1)  for  the  limited  set  of 
compounds. 

The  methoxy  derivitlve  4  which  carries  6,8-dimethyl  rather  than 
the  preferred  6,8-dichloro  ,  has  considerably  lower  antlmalarial 
activity  than  expected  for  the  steric  effect  of  the  methoxyl  group 
alone.  Obviously  this  is  because  6,8-dichloro  is  a  much  better 
auxopharmacophoric  combination  -than  6 ,8-dlmethyl1 4 .  e.g.  Comparison 
of  ED60  values  for  increase  in  mean  survival  times  (P.  berghel  in 
mice)  by  the  6,8-dichloro  compound  6  with  those  of  the  6,8-dimethyl 
analog  6A,  shows  the  former  to  be  3*7  times  more  potent  .  And  the 
2-£-chlorophenoxy  analog  of  6,8-dichloro  compound  6  is  5  times  as 
active  as  the  6,8-dimethyl  analog18. 

No  relationship  is  obvious  between  planarity  of  the  total n  system 
and  animal  phototoxicities  for  any  of  the  analogs  except  8  and  £ 
(cf.  discussion  by  Rothe  and  Jacobs3a).  Recent  results  from  clinical 
trialsa^~e  with  2.  has  cast  considerable  doubt  on  the  correlatability 
of  phototoxi ci ty i n  animal  models  with  that  shown  in  man,  as  £  was 
shown  to  be  both  prophylactic  and  effectively  curative2a  for  acute 
malaria  caused  by  several  strains  of  P.  falciparum  with  no  observed 
adverse  side  effects  and  phototoxicity  a  minor  consideration11. 

Compound  7_  and  the  new  isomer  2  have  equal  phototoxicities  in 
animals,  but  £  has  half  the  antimalarial  activity  of  ]_•  The  3- 
fluoro  compound  3,  on  the  other  hand,  is  considerably  more  active 
than  7_  against  P.  berghel  and  half  as  phototoxic;  it  therefore 
appears  to  be  a  better  candidate  than  was  7  for  clinical  trial  in 
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Experiir.ent.aj  i  on 

ty 

4-  and  6-Chloroj snti  ns  were  prepared  from  i sonit rosc-3- 

chloro-acctanilide ,  cyclizing  in  coned  H2S04  (80°),  and  separating 
by  fractional  precipitation  by  8ft 

2- Methoxy-4l -chloroace  tophenone^  .  Mp  65-66°;  nmr  (CDC13) 

S,  3.15  (s,3),  4.69  (s,2),  7.35-8.10  (ra,4). 

New  Modification  of  the  Pfitzin  .  3  ,4 *  ,6,8" 

Tetrachlorocinchophen  (12.)  (13^  made  similarily ) To  -a  suspension 
of  21.6  g  (0.1  mol)  of  5,7-dichloroisatin  and  18.9  g  (0.1 
mol)  of  a, 4* -dichloroacetophenone  in  2-me thoxyethanol  (300  ml, 
stirred,  10  rain)  was  added  K0H  (48  mg,  stirring,  18  hr).  Slow 
addition  of  coned  HC1  (250  ml)  followed  by  EtOH  (to  suspend  the 
precipitate),  cooling  (30°),  basification  (to  pH  11,  10$  NaOH', 
filtration,  and  acidification  (to  pH  3,  10$  HCl) ,  gave  1£  (25.3  g, 
65$),  mp  245-250°  dec.  Use  of  2-propanol  or  DMF-EtOK  mixture  gave 
12-25$  of  12;  and  use  of  MeOCH2CH2OH  gave  55$  (10$  unreacted) 

and  a  very  low  yield  of  14. 

3 - Me t h oxy -6,8 - dich tlo r oc i nchophen  (14)^°^’  rG^  Nmr 

(Me2C0-j33):  6  3.71’  (s,3,CH3),  6.96  (broad  s,  cone  dependent,  1, 

C00H),  7.83  (m, 7 /aromatic). 

16 

The  2  -  A rylquino line-4-c a r bonyl  Chlo rides  17^-20  were  made 
from  11-14  by  excess  S0C12  (1-1.5  g/10  ml,  reflux  2-3  hr),  distilling 
and  coevaporating  with  benzene  to  remove  S0C12,  solution  of  pro¬ 
duct  in  hot  CH2C12,  filtration  (Celite),  evaporation  and  cooling. 

3-Fluoro-6 ^8-dichloro-2- (4* -chlorophenyl )  -4-quinolyl 
B  romome t h y 1  Ketone  (23)  (2l’ and  22  were  made  similarly)  -  To 
stirred  350  ml  of  Et20-CH2N2  (0.7  mol)  was  added  5.6  g  (0.014 
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mol)  of  TJ3  (18  hi:),  and  then  20  ml  of  coned  H3r  (3  hr).  Washing 
the  Et20  solution  (H-O),  drying  (MgS04),  evaporation,  and  slurrying 

the  residue  (petroleum  ether,  30-60°),  gave  5.64  g  (Q7$),  mp 

153-163°  dec.  [In  the  case  of  22  Et20-CII2N2  was  added  to  l£  in 

CH2C12  (stirring,  0°)J.  After  workup  by  solution  in  Me2C0, 

evaporation,  trituration  with  MeOH,  and  crystallization  from 

Ms2C0,  the  product  gave  unsatisfactory  analysis  and  was  shown  to 

contain  at  least  one  important  minor  compd  (tic,  benzene-MeOH) ; 

however,  spectra  showed  that  the  bulk  of  the  mixture  was  23,  which 

in  the  next  step  gave  26. 

5  6 , 8 - T r i c h 1 o r  o  -  2 -(41 -chlorophenyl ) -4-quinoline  Ethylene  Oxide 
(25)  (26  and  3JL  were  made  similarly).  To  a  soln  of  22*  (3  g,  6.46 
mmol)  in  50  ml  of  THF  was  added  a  soln  of  1.25  g  (3.30  mmol)  of 
NaBH4  in  14.5  ml  of  3$  IC0H-H20,  followed  by  addn  of  40  ml  of  THF 
and  20  ml  of  EtOll  to  effect  soln  (stirred  1  hr);  25  (2.1  g)  pre¬ 
cipitated. 

a-(Di-n-butylaminomethyl)-5 ,6 .O-trichloro-^-C^1 -chlorophenyl) -4- 
quinolinemethanol  (2)  (3  was  made  similarly).  A  mixture  of  3.2  g 
(8.27  mmol)  of  2£  and  6  ml  of  NH0u2  was  heated  (stirring,  17  hr, 
132°),  vac  evaporated  in  vacuo  to  remove  NHBu2  (80°).  Trituration 
with  hexane  and  cooling  gave  2  (4  g) . 

5-Bromo-a- (di-n-buty laminomethyl ) -2-phenyl-4-quinolineme thanol » 2 
H£1  (l)  m  Solution  of  21  (2  g,  5  mmol)  and  NUB.u2  ( 1J3  gy  10  mmol.) 
in  Et2Q  (standing,  dark,  room  temperature,  Q  hr),  filtration 
(removing  6.2  g  (94$)  of  NHBu2*HBr) ,  vacuum  evaporation  (70°), 
solution  of  the  residue  (EtOH,  under  N2),  addition  of  NaBH4  (15  g, 
39.5  mmol),  stirring  (0.5  hr),  basification  (dil  NaOH,  to  pH  ll), 
extraction  with  Et20,  drying  (MgS04),  vacuum  evaporation,  solution 
in  dry  Et20,  and  addition  of  Et20-HCl,  gave  1  (0.5  g). 
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3 -MeChoxy-o  ,8-dima thy  1-2- ( 4'  -chloropheny  1 ) -4 -quinaldehvde 
Dimethyl  Acetal  (29).  A  sol*of  MeOCH2COPhCl n  (4.5  g)  and  27.  (5.18 
g;  MeOH,  40  ml),  was  added  rapidly  to  a  stirred  MeOU  solution  of 
0.57  g  of  N a  (30  ml).  Refluxing  (4.5  hr,  precipitate  appeared 
after  3.5  hr),  cooling  (-5°),  filtration,  and  washing  (MeOH,  0°), 
gave  29  (7.88  g  including  recovery  from  filtrate). 

3-Methoxy-6 ,8-dime thy 1-2- (4' -chlorophenyl)-4-quinaldehyde  (30) 
A  solution  of  29  (5  g)  in  5:1  dioxane-H20  (60  ml)  plus  1  ml  of 
cone  HC1,  was  refluxed  (35  min).  Addition  of  .H2O  (40  ml)  and 
cooling  (5°)  gave  30.  (4.27  g) .  Epoxide  31  was  made  from  30.  by 
methylenation^  and  converted  into  ami noalcohol  4  by  NHBua  (3.5  hr, 
145-150°  and  14  hr,  110°). 

Toward  a  New  Synthesis  of  5-Substituted-2-phenyl-4-quinoline 
Amin jalc ohols  (Scheme  III).  The  Schmidt  reaction  on  a,B-dibromo- 
cis-chalcone  (35l)  gave  3 ,4-dibromo-2-phenylquinoline  (33_17)-  From 
a  quantity  of  33  prepared  by  the  Kaslow  bromination  procedures, 

ig 

34-^  35  -v  33  ,  a  small  amount  of  tribromide  36  was.  isolated,  which. 

became  the  predominant  product  of  bromination  by  P0Br3  in  DMF. 

The  reaction  of  3 ,4-dibromo-2-phenylquinoline  (33)  with  CuCN- 

DMF  (reflux)  Rave  a  difficultly  separable  mixture  which  was  shown 
by  mass  spectrum  to  be  mono  and  3 ,4-di-nitriles  and  3^  in  a 
ratio  dependent  on  reaction  time  (57/43  after  1  hr  and  36/64  after 
4  hr).  Obviously  the  3 -Br,  relatively  inactive  in  33,  is  activated 
in  37  by  the  4-CN.  Use  of  highly  polar  DMF  as  solvent  for  P0Bra 
brominations,  and  displacements  of  4-Br  by  CN,  thus  appear  to  be 
potentially  useful.  There  is  the  possibility  for  selective  4- 
metalation  of  33  by  BuLi  and  subsequent  reaction  with  C02  or  2- 
pyridaldehyde ,  or  reaction  at  the  4-CN  of  37,  for  creation  of  the 
aminoalcohol  chain.  A  start  was  made  toward  synthesis  of  the 
3 y4* 9 7-trichloro  analog  of  2,  from  cis  pClPhCCl=CClCOPhCl£. 
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Schcxo  III  . 


A c kn ow 1 e d g;^ e ri t: .  Because  only  test  data  on  5,  8_  and  9_  have  been 
published,  chemical  data  by  J.  Riedmaier  and  J.  Christensen 

are  included  here  with  their  permission. 4  We  q^e  grateful  to 
Dr.  S.  W.  Page  (WRAIR)for  providing  the  biological  data,  and 
to  tfrs .  E.  Zacharlas  (A.  H,  Robins  Co.)  for  programming  assistance. 
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Comp 

No. 


Table  2 

Quinoline  Compounds 
Substituents 


R 

H 


R 

« 


X 

BT 


CHOHCH^NBu* 


Yield 


a-o 


20 c 


mp 


147 dec 


s-vu 

C25HaiBrN0*2HCl 


2, 

6,8-Cla 

Cl 

Cl 

CHOHCH2NBus  g6c 

139.5-141^^  ^2sH2eCl4N20 

3 

S,8-C12 

Cl 

F 

CHOHCH2NBu2  87  c 

124-125.5 

C?^,H28Cl3FN2Ot 

.4 

S?8-Me2 

Cl 

OMe 

CHOHCH2NBu2  59d 

96-97 

C.?bH37C1H202 

12 

6 ,8-Cl2 

Cl 

Cl 

COOH 

65e 

253  decP 

CieH701^102U 

13 

6,8-Cl2 

Cl 

F 

COOH 

C.16H7CI3FNO2 

U 

6,8-Cl2 

H 

OMe 

COOH 

73f 

2l7-2l9dec 

Ci 

15 

6 ,8-Cl2 

Cl 

OMe 

COOH 

Y4<2 

236-237d  ec: 

r  <?17HioC13N03,: 

16 

7-C1 

Cl 

Cl 

COOH 

52e,g 

272Hecp 

CaeHaCl3N02U 

17 

V-" 

H 

B 

Br 

C0C1 

49h 

l48-U9P,q 

18 

6,B-C12 

Cl 

Cl 

C0C1 

86h 

148-150P 

C16HeClsN0U 

19 

6,8-Cl2 

Cl 

F 

C0C1 

50i,J 

168-169. S 

C3.eHQCl4FN0t 

20 

6 ,0-Mea 

H 

OMe 

C0C1 

89h 

155-157 

Ca7HioCl3N02t: 

39 

6,8-Cl2 

H 

OMe 

conh2 

_k 

252-254 P 

0i7Hi2C12M202*’ 

52 

6,8-Cl2 

Cl 

Cl 

COOMe 

87  i 

207-207.5 

c17h9ci4no2u 

53 

7-C1 

Cl 

Cl 

COOMe 

- 

200-201 

C| 7^1 oO 13N02 

29 

6 ,8-Mea 

Cl 

OMe 

CH ( OMe ) 2 

91f 

154-155 q 

C2iH22C1N03C 

30 

6,8-Mea 

Cl 

OMe 

CHO 

97f 

136-137  q 

CigHioClNOs11 

21 

H 

H 

Br 

COCH2Br 

6ol 

95-96 

Oi7Hj iBr2C0V 

22 

6j8-C12 

Cl 

Cl 

COCH2Br 

g5g,n>,n 

193-193.5 

C17HoBrCl4N0W 

23 

6,8-Cl2 

Cl 

F 

COCHaBr 

g4g»n>0 

178-180 

Ci7HaBrCl3FNOt: 

25 

26 

21 

6,0-Cla 

6 ,8-C 12 

6,0-Me* 

Cl 

Cl 

Cl 

Cl 

F 

OMe 

CH  — — — 
0 

CH— — ^ 

0  ^ 
ch-""  ^ 

ch2  83c 

CH2  l|6a'n,° 
f,  n 

CH2  90 

219-219.5 

173-  179 

101- 103o 

Ci7H0C1vN’Ou 

Ci7H9ci3n;ot 

_q 

U ,  X 

5-I!Cl46,8-Cl0 

e-Hci4  6,8-ci; 

9-KC14  C.S-Cl^ 

Cl 
2’  ,4' 
2', 4' 

Me 

-Cl,  H 
-Cl2  Me 

ai2aicH2NBu2 

it 

187-189 
193-192.5° 
178-180°'  , 

_26.  32  .  ,  x 

U25U21L"L5  ?  u,x 
C26H3r  V2U 
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Footnotes  to  Table  II 


Reasonably  pure  material  unless  otherwise  specified;  recrystallized 
from:  kMejiCIICH-OleaCH) 20;  cAc0E:t;  dEt20;  °Et0H;  fEt20-hexane;  ^Me2C0; 
^hexane;  *CH2Cl2-hexane;  i'ac  sublimed  (140°/0.15  mra);  ^CHCl3-hexane; 
^cyclohexanone;  npetroleura  ether  (65-100°);  npartially  purified;  °Me2C0- 
CH2C12;  PIr  (KBr) ,  cm-1*!  2960,  2870,  1460,  1380  (CH3)j  2870,  2850, 

1460  (CH2) ;  1595,  1540,  1450,  1450  (aromatic).  12,  1710,  i960,  2600,  3430. 
16,  (from  12,  CHaNa),  3450,  2525,  1920,  1720.  17,  1760,  18,  1760  (C0C1). 

22,  1450,  1490,  1540,  1600,  1720,  1390,  2960.  25,  3025,  1240,  905,  828 
(epoxide).  32,  (from  18,  CH2N2),  1268  (C-O-C),  17 .4 C  (C=0),  2860,  2970  (OMe), 
24,  (from  20,  NH3) ,  1760  (C=0),  3180,  3375  (NH2),  36,  1640  (/-quinolone) . 
Nmr:  ( CDC13)  g:  2,  8.89  [d,l,J=2Hz;  5-H],  7-70  [d,2H,J-8Hz,3’ ,5'-H2] , 

7.63  [  d,  1,  J=2Hz,7  -H] ,  7.46  [d,2H,J=8Hz,  2',6'-H2],  5.72  (q,l,J=5Hz,CH), 

4.38  (s,l,0H),  2.68  [ra,6,(-CH2N(CU2-)2],  1.43  (ra,4,CH2CJJ2),  0.83  (ra,3,CH3). 
22,  7.8  (n, 3) ,  7.5  (m,3),  4.48  (s,2H).  29;  2.51  (s,3,CH3),  £78  (s, 3,0113), 


3.53  (s,3 ,CH3) ,  3.58  (s,6,2CH3),  6.03  (s,l,CH0),  7.28-7.70  (m,3)  and  8.05- 
.8.40  (m,3  aromatic).  30*,  2-52  (s,3),  2.79  (s,3)  and  3.69  (s,3)(3CH3),  7.50- 

7.80  (m,3),  8.05-8.35  (m,2),  8.63  (broad  s,l),  10.93  (s,l).  31;  2.53  (s,3, 

;„3),  2.00  (s  ,3 ,CH3 ) ,  3.07-3.51  <m,5>,CH2)  3.63  (s,3,CH3),  4.37  (m,l,CU), 


CH 


r  -3 

7.30-8,30  (m,6  .aromatic  H) ,  Uv,  nm(  xl0~y) :  15  (prepared  like  14),  232 

(31.8),  265.5  (32.2),  290-340  (broad  plateau,  8. 7-9-3).  SWerc  within  40.4$5 

t  U  v  w 

of  calcd  for  C,1I,  and  for:  C,H,N;  C,H,C1,N;  C,ll,  Br,N;  crude  . but  usable 


quality;  C,H, 3r, Cl,K,  calcd  (found)  C,  44.01  (44.78);  H,  1.74  (1.74);  Br, 

17.22  (15.03);  Cl,  30.56  (29.60);  H,  3.02  (3.21).  X  Syntheses  by  J. 
Riedmaier  and  J,  Christensen4  via  Scheme  I. 


Anti  mala  rials.  10.  Mur.son ,  Johnson  ,6  Anders  ,  Ohnraacht , Lutz  . 

ANALYTICAL  OATA  r  C  .  .  11  .  _  N  ,  r  C'  Br 

round  found.  Found  Found  Found 

Compound  (Cole.)  (Calc.)  (Calc.)  (Calc.)  (Cole.; 

Ua  -  _  _ _ — _ _ 

11  W  * 

1 

56.71 

6. 38 

5.54 

(56.93) 

(6.12) 

(5-3!) 

2 

'58.50 

5.52 

5.71 

27-39 

(58.38) 

(5.49 

(5.45) 

(27.57) 

3 

60.37 

5.51 

5-57 

(60.31) 

(5.67) 

(5.63) 

4 

A 

71.85  (71.70) 

8.04  (7.95)  5.76  (5.97) 

54 

58.50(58.88) 

6.02(6.09)  5.30(5.29) 

Cl, 6. 58(6. 

70) 

84 

55.73(55.29) 

5.48(5.53)  4.80(4.96) 

Cl, 6. 06(6. 28) 

94 

54.69(54.51) 

5.12(5.31)  5.28(5.08) 

Cl, 6. 43(6. 

44) 

12  49.96 

(49.65)  1.64(1.82) 

3.46(3.62)  36.66(3  6.^) 

14 

58.83 

3.O8 

4.10 

(58.64) 

(3.19) 

(4.03) 

16 

54.29 

2.  10 

3.82 

30.32 

(54.50) 

(2.29) 

(3-97) 

(30. 16) 

18 

47.65 

1.52 

3.60 

43.75 

(47.39) 

(1.49) 

(3.45) 

(43.72) 

19 

19.22 

1.58 

3-55 

(49.40) 

(1-55) 

(3-60) 

20 

55.94 

2.59 

3.92 

(55-70) 

(2.75) 

(3-82) 

21 

50.43 

2.82 

3.41 

39-34 

(50.40) 

(2.74) 

(3.46) 

(39.45) 

22 

44.76 

1.74 

3-21 

29.60 

15-08 

(44.01) 

(1.74) 

(3-02) 

(30.56) 

( 17-22) 
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Quinoline  Syntheses 

l»y  Keartion  uf  Hydrazoic  Acid  with  or./M)isuhc4ilidc<l  <7x-Cluk<>iK>  (1) 
Robert  E.  Pratt  (2ac,  3a,  lab),  William  J.  Wrlstead,  Jr.  (2b,  3b,  4c)  and  Robert  E.  Lutz 
Department  of  Chemistry,  University  of  Virginia 


Hydrazoic-sulfuric  acid  mixture  converted  cis-a-pbenyl-^-benzoylchalcone  (franj-dibenzoyl* 
stilbene,  4)  into  2.3-diphenyb4<benzoylquinoline  (5)  the  structure  of  v'hich  vvas  proved  by 
debenzoylalion  to  2,3-diphenylquinoline.  a,d-L)iphenvl  and  cnca^-dibrornochalcones  similarly 
were  converted  respectively  into  2,3,4-triphenylquinoiine  (19)  and  2-phenvl-3,4-dibromoquino- 
line  (20).  The  structure  of  19  was  shown  by  difference  from  the  corresponding  isoquinoline  21 
(synthesized).  Smith  s  mechanism  for  t fie  analogous  conversion  of  o-phenylbenzophenone  into 
9-phcnvlphenanthridine  through  the  9-fluoreiiol  and  the  94iydroazide  with  loss  of  nitrogen  and 
ring  expansion,  was  supported  by  methyl  label  experiments  using  2-<p-tolyl)benzoplienone  which 
gave  a  53:47  mixture  of  3-  and  8-methyl-O-phenylphenanthridines.  Applicability  of  the  mech¬ 
anism  to  the  reactions  with  disubstituted  cts-chalcones  was  shown  by  sulfuric  acid  conversions  of 
two  of  these  into  indenol  22  and  2-bromo-3  phcnylindenone  (24),  respectively.  trans-Dibenzoyl- 
stilbene  underwent  resin  if  icatioi:  in  sulfuric  acid,  giving  the  quinoline  (5)  only  when  hydrazoic 
acid  was  present. 


This  investigation  stems  from  the  study  of  1,2-diaroy! 
mono  and  disubstituted  elhylenes  where  cis-dicarbonyl 
group  interactions  seem  to  be  responsible  for  certain  of 
their  reactions  which  proceed  slowly  or  not  at  all  with  the 
trans  isomers  (5).  For  example,  ck-dibenzoylstilbene  (1) 
undergoes  ready  oxidative  reanangement  with  carbon-to- 
oxygen  migration  of  the  bulky  vinyl  moiety,  giving  the 
enol-henzoate  2,  whereas  under  similar  conditions  the 
trans  isomer  4  is  inert  (4c,  5I»).  I lydrazoic-sulfuric  acid 
mixture  also  brings  about  oxidative  rearrangement  of  1 
but  with  carbon -to- nitrogen  migration  of  the  vinyl  moiety, 
giving  the  cnamine  benzoate  3  (5b, 0,7). 


Ph  Ph  Ph  Ph  Ph  Ph 


For  companion,  frnn.v-dibenzoylstilberie  (4)  was  .Iso 
subjected  to  the  conditions  of  the  Schmidt  reaction 
because,  without  the  proximity  of  the  carbonyl  groups, 
-low  reaction  or  none  at  all  was  rxperted.  However, 
reaction  did  net  ur.  rapidly,  uiv  inn  2,3-diphcnx  I*  l-benzovl- 
quinoline  (5).  tin*  .Inteliire  n|  which  \va»  aligned  on  the 
ba.-i-  o|  1 1 r.  pro[i«Ttie-  and  on  ljr-1  lull  iiirnrrn  1  idea*  ron- 
rcrniin:  the  mc«  harn-m  (9a  below).  I  his  reaction  had 
seemed  to  take  pl.ii  r  with  retention  t»|  the  traits  ronlig- 


uration  of  4  by  attack  of  hydrazoic  acid  at  a  carbonyl 
group  followed  by  cxdization  involving  the  stericallv 
adjacent  phenyl  group,  an  overall  and  typically  facile 
cis-group  interaction. 


The  structure  of  quinoline  5  was  proved  by  base- 
induced  hydr<dvti<‘  dcbcnzoyljlion  to  the  known  2,3- 
dipbenylquinoline  (6)  which  was  identified  by  comparison 
with  a  sample  prepared  by  deearboxx lalion  of  3-phcnvl- 
citicliopheii  (7)  (ft). 

Attempts  to  -vntheM/.e  quinoline  5  from  7  were  unsuc¬ 
cessful  because  of  the  excessive  steric  hindrance  at  tin* 
tcarboiiyl  group.  The  methyl  ester  and  the  nitrile  of  7 
were  unreactive  toward  plienvllithiutu.  Attempted  f»  ri«r- 
nard  and  i  riedell  .rails  condensations  ol  heu/cne  with 


-51- 


-51- 


the  acid  chloride  of  7  eaus»*d  intramolecular  dehydro- 
halogcuation  to  a  new  compound  for  whi*h  t h:*  telracvclic 
fluorenone-type  structure  8  is  suggested  on  the  basis  of 
analysis  ami  ultraviolet  and  infrared  speetra. 

Formation  of  tin*  quinoline  5  bv  attack  of  hvdrazoic 
acid  at  the  sterieally  hindered  carbonyl  group  seemed 
unlikely  although  subsequent  ring  eb>sure  9a  with  the 
proximate  phenyl  group,  would  then  be  possible,  facili¬ 
tated  bv  the  buttressing  eflects  of  nearby  groups.  Carbon- 
to-nitrogen  migrations  in  9  are  excluded  because  phenyl 
group  migration  would  have  given  an  anilide,  and  because 
migration  of  the  vinyl  moiety  followed  by  cyelization  9bc 
would  have  led  to  isoqninoline  10  rather  than  to  5.  A 
mechanism  involving  hvdrazoic  acid  ^-attack  on  the  chal- 
cone  system  ot  4  seemed  unlikely,  on  steric  grounds,  and 
because  it  would  not  lead  directly  to  quinoline  5. 


In  an  analogous  reaction  Smith  (9)  converted  o-phenyi- 
bcnzophenone,  containing  the  /substituted  cbab 

cone  system,  to  6-phenylpheuanthridine,  first  proposing  a 
mechanism  of  type  9a  which  requires  the  sterieally 
unlikely  initial  attack  at  a  carbonyl  group,  and  which  is 
excluded  in  the  cases  of  the  chalcones.  He  later  (6) 
suggested  a  preferable  mechanism  which  is  without  the 
steric  objection  and  which  would  account  both  for  his 
results  and  ours,  namely:  cyclodehydration  to  the  9- 


fiuorenvl  cation  and  the  hydn#a;:idi\  fallowed  bv  ring 
expansion  bv  initiation  of  one  arm  oi  the  llunrrnvi 
system  to  nitrogen.  I  his  rne«-bani>m  wa>  put  to  lot  u4ng 
the  methyl  labeled  analog,  o-tnly Iben/.oplienone  (11). 

The  synthesis  ot  11  was  accomplished  bv  a  Die  In-Alder 
condensation  ot  butadiene  and  /ra«.s-p'-mt‘thvlchalcone 
followed  by  sulfur  dehydrogenation,  a  scheme  successfully 
used  in  another  series  (10).  The  Schmidt  reaction  con¬ 
verted  11  into  a  mixture  ol  3-  and  B-methyl-6-phenanthri- 
dines  (14  and  15)  from  which  pure  3-methvl  isomer  14 
was  isolated  by  fractional  crystallization  arid  identified  by 
mixture  melting  point  and  infrared  comparison  with  a 
sample  synthesized  according  to  Ritchie  (il).  The  8- 
melhyl  isomer  15  was  not  isolated  trom  the  remaining 
constant-crystallizing  mixture  but  its  presence  and  concen¬ 
tration  were  shown  by  nmr  analysis  utilizing  the  3-methvl 
peak  (5  2.50)  of  14  and  the  second  peak  of  the  mixture 
at  5  2.46  which  was  assignable  by  difference  to  the 
8-methyl  group  of  the  isomer  15.  The  ratio  of  the  isomers 
14:15  of  53.5:46.5  was  strikingly  close  to  that  reported 
for  the  hvdrazoic  acid  conversion  of  2-metHy  l-O-fluorenol 
to  the  mixture  of  the  3-  and  8-methylphenanthridi*,cs 
(12). 

Based  on  these  results,  the  above  Schmidt  reaction  is 
best  formulated  as  11  -*■  12  -►  13  -►  14  +  15.  Operation 
of  a  mechanism  of  type  9a  would  have  led  to  15  only; 
the  first  Smith  mechanism  (of  type  9bc,  disproved  for  4) 
would  have  led  to  isomer  14  only;  competition  between 
mechanisms  seems  most  unlikely. 

Convincing  support  for  the  assigned  mechanism  is  the 
reaction  of  o-benzophenone  with  hydrogen  bromide  to 
give  9-bromo-9-phenylfluorene  which  is  hydrolyzed  to  the 
fluorenol  (13).  In  the  case  of  the  traru-dibenzoylstilbene 
4,  concentrated  sulfuric  acid  alone  caused  resinification; 
successful  conversions  to  the  quinoline  5  required  constant 
presence  of  excess  hvdrazoic  acid  in  the  reaction  mixture. 
This  suggests  that  the  indenyl  cation  16  is  formed  first  and 
is  very  reactive  (it  would  be  destabilized  by  the  (3-henzov! 
group),  but  that  it  is  converted  through  the  hydroazide  17 
to  the  quinoline  5,  rapidly,  in  successful  competition  with 
resinification.  It  is  noteworthy  that  the  bulky  phenyl  arm 
of  the  indenyl  system  of  17  migrates  to  nitrogen  rather 
than  the  vinyl  arm  of  the  indenyl  system  or  the  phenyl 
group,  as  would  he  expected  (ef.  6). 
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U  appear*  that  lh<*  essential  requirement  fsu  a  genera! 
reaction  o(  tiir  alu.ve  type  is  the  » i.s<i,p-iLsub>tiiut<‘ii 
sty  ry  Ike  tone  system  18  where  the  cis  configuration  is 
persistent.  where  eyelization  would  lie  favored.  and  where 
an  a- group  ^  )  would  induce  a  hydroazide  configuration 
favorable  to  migration  of  the  vinyl  moiety,  with  the 
0- group  (X)  ottering  complimentary  buttressing  effect. 
As  we  anticipated.  Schmidt  reaction  conditions  did  indeed 
convert  Qt^-diphenylchalcone  (18A)  (14)  into  2,3,4-tri- 
phenylquinoline  (19).  cu-ajMlibromochalconc  (18B) 
(15)  reacted  similarly  giving  the  known  3,4-dibroino-2- 
phenylquinoline  (20)  ( l(j). 


The  new'  quinoline  synthesis  promises  to  be  Useful 
although  limited  in  applicability  (19). 


X 

I 

Ph 

Br 

©X 

(919L 

18 

19 

20 

A,  \,Y  =  P}i  <phrii>l) 

IIN ,  HjSn. 

■.  X.Y  =  Ur 

Att#  mpts  to  prove  the  structure  of  2,3,4-triphenvl- 
quinoiine  (19)  synthetically  by  condensation  of  aniline 
and  phenyldihenzoylm  *thane.  failed.  The  isomer,  1,3,4- 
triphenylisoquinoline  (*  1 ),  was  synthesized  by  condensing 
benzhydrylamine  and  benzil;  it  proved  to  be  different 
from  quinoline  19,  thereby  supporting  structure  19  by 
that  difference. 


That  the  mechanism  of  formation  of  19  conformed  to 
the  general  mechanism  outlined  above  and  involved  for¬ 
mation  of  an  in  deny  I  cation  analogous  to,  but  more  stable 
than,  16,  was  shown  by  treatment  of  the  r/4-disubstitiited 
ketones  (18A  and  18B)  with  concentrated  sulfuric  acid 
alone,  in  the  case  ol  18A.  water  and  ethanol  quenches 
gave  respectively  triphenv Imdenol  (22A)  and  its  elbow 
analog  (22B)  (  17)  while  the  rr.v-dihrnmnrhalenue  (18B) 
Upon  water  quench  gave  2  hromo-3-phenvlimleiione  (24) 
(Ui). 


EXPERIMENTAL  (20) 

Preparation  of  0-Phenylehalconr  ( 1 4,2b). 

Pyrolysis  of  cij- 1,2-dibenzovlstyrene  (350°,  20  minutes,  100 
mm.)  gave  0-phenyIcha(cone  in  45 %  yield,  m.p.  87-89°  [lit.  92° 
(21  )j.  The  Schmidt  reaction,  giving  the  anilide  (7a),  was  repeated 
with  identical  results. 

4-Benzoyl-2,3-diphenylquinoline  (5). 

A  75  ml.  chloroform  solution  of  8  g,  of  fra/w-dibenzoylstilbene 
(4)  (22)  and  7  ml.  of  1.38  /V  hydrazoic  acid  in  chloroform  (0.01 
mole)  was  warmed  to  40°.  Under  vigorous  stirring  6  ml.  of 
concentrated  sulfuric  acid  was  added  dropwise  over  30  minutes. 
Upon  cessation  of  evolution  of  nitrogen,  pouring  into  ice  water, 
neutralizing  with  potassium  hydroxide,  and  separation  and  evap¬ 
oration  of  solvent,  the  residual  oil  was  crystallized  from  absolute 
ethanol;  1.6  g.  (53%);  m.p.  130-132°  (not  hydrolyzed  by  hot 
sodium  hydroxide  or  sulfuric  acid);  K  max:  cm~l  1055  (C^O); 
nm.  (e)  237.5  (46,100),  shoulders  at  252,  262  (41,000,  32,000). 

Anal  Calcd.  for  C28Hl9NO:  C,  87.25;  H,  4.97;  N,  3.63. 
Found:  C,  87.07;  11,5.20;  N,  4.12. 

It  forms  an  unstable  hydrochloride  with  ether-hydrogen  chlor¬ 
ide,  and  a  picrate  from  hot  ethanol  (m.p.  190-192°). 

Action  of  Concentrated  Sulfuric  Acid-Chloroform  Mixture  on  4. 

Within  one  minute  deep  red  color  developed.  Quenching  in 
ice  gave  an  oil  which  neither  crystallized  nor  gave  a  crystalline 
product  when  submitted  to  the  above  Schmidt  reaction  conditions, 
Tetraphenylfuran  failed  to  react  with  hydrochloric  acid  under  the 
above  conditions. 

Debenzoylation  of  4-Benzoyl-2,3-diphenylquinoline  (5)  to  2.3- 
Diphenylquinoline  ( 6). 

An  intimate  mixture  of  2  g.  of  5,  5  g.  of  powdered  potassium 
hydroxide  and  1  ml.  of  water  was  heated  until  the  water  and  an 
oil  had  distilled.  The  oil  (6)  was  extracted  by  ether,  washed  with 
acid  and  then  base,  isolated  by  evaporation  of  solvent,  and  added 
to  20  ml.  of  saturated  cthanolic  picric  acid  (heated).  The  6-picrate 
separated  and  was  recrystallized  from  ethanol  (yellow,  1.4  g. 
(44%)|;  m.p.  224-225°.  Its  ir  spectrum  was  identical  to  that  of  a 
sample  of  m.p.  22X225°  (20a)  prepared  from  authentic  2.3- 
dipticnvtquiiioline  |m.p.  88-89°;  made  bv  decarbow lation  of  7 
(»)1- 

4 nn/.  Calcd.  lor  Cj 7U18N4O7:  C,  63.53:  H,  3.55.  Found: 
C,  03.47 .  II,  3.59. 

3-Hienvlcinchophen  (7)  (8)  and  its  Methvl  Ester,  Amide  and 
Nitrile. 


Uu:  j,-,u  7  unprepared  a,»or'ti>_‘  In  I’lit/mger  < U >  by  conden¬ 
sation  t:f  \\  1 1 1 1  deso \\ hep  •  .  7Xr  ethanolii*  potassium 

hydroxide)  (20a);  \  max:  an'1  1753(00);  mn.  (t)  236,  330 
(  Lo.Oou.  ti.27u). 

The  methyl  ester  of  7  wa* 4nadc  Irani  I  lie  arid  chloride  of  7 
by  methanolic  sodium  methoxide  (reflux,  I  hour);  reen  stalli/.ed 
from  methanol;  51%,  m.p.  138-130°;  A  ma\:  mi-1  1715(0  ()); 
imi.  (c)  257.  250,  332  (30. 100,  25,700.  7,000).  It  did  not  reart 
with  phi’nyllithium  in  ether  ( toluene,  reflux  3  hours). 

Anal .  Calrd.  for  <N3Ul7N02:  C,  81.30;  II,  5.05;  N,  4.13. 
Found:  C,  81.70;  11,5.02;  N,  4.58. 

The  amide  of  7  was  preoared  in  a  new  way  (95f/o)  from  7-acid 
chloride  and  concentrated  ammonium  hydroxide;  m.p.  276-278° 
(23a);  p  1670  cm'1  (C-0).  3170.  3310  (Ml). 

The  nitrile  (of  7  (23b))  was  prepared  in  a  new  way  from  the 
7-amide  by  phosphorus  pentoxide  in  tel rachloroe thane  (reflux 
2  hours);  m.p.  154-155°;  i>  2220  cm-1  (C=N);  A  (ethanol)  246, 
345  nm.  e-3  31.3.  0.05  ;  no  reaction  with  phenylmagnesiutn 
bromide  (ether,  reflux  12  liours)  or  with  phenyllithium  (toluene, 
reflux  3  hours.). 

3-l’henv  lcinchophcn  Acid  Chloride. 

A  solution  of  10  g.  of  7  in  40  ml.  of  tluonyl  chloride  was 
refluxed  for  12  hours  and  evaporated.  Benzene  extraction  of  the 
residual  oil,  evaporation  under  reduced  pressure  and  crystalliza¬ 
tions  of  the  residue  from  petroleum  hexane-benzene  mixture  and 
from  isooctane  pave  7  it.  of  the  acid  chloride  (60%);  m.p.  140- 
142°;  A  max:  on'1  1780(00). 

Anal  Calcd.  for  C22HJ4CINO;  C,  76.85;  H,  4.10.  Found: 
C,  76.47;  H,  3,91. 

6-1‘henyl-l  1-oxo-l  li/-indeno[  1 ,2-c  1  quinoline  (8). 

To  a  mixture  of  20  ml.  of  dry  benzene  and  0.8  g.  of  aluminum 
chloride  was  added  dropwise  a  10  ml.  benzene  solution  of  7-acid 
chloride.  After  stirring  for  one  hour,  hydrolysis  of  the  red  solution 
with  ice-hydrochloric  acid  and  crystallizations  from  absolute 
ethanol-benzene  mixture  and  from  glacial  acetic  acid  gave  orange 
crystals;  0.55  g.  (62%),  m.p.  259-261°;  A  max:  cm-1  1730 
(C=0);  nm.  (e)  265  (47,000). 

It  was  also  obtained  (8%)  upon  reaction  of  the  acid  chloride 
for  45  minutes  with  refluxing  ethereal  pheny (magnesium  bromide 
(recovery  of  acid  chloride  17%). 

Anal.  Calcd.  for  1^2  2^  13^^*  C,  85.97;  H,  4.26.  Found: 
C,  85.71;  H,  4.17, 

Preparation  of  O(,0-l)iphenylclialcoiie  ( 18A)  ( 1  4,2b). 

Pyrolysis  of  cij-dibcn/.oylstilltene  (1)  at  320°  (20  minutes)  and 
recry stallizat ion  from  glacial  acetic  acid,  gave  18A  in  78%  yield, 
m.p.  152-153°;  A  max:  cm’1  1660(00). 

Action  of  Concentrated  Sulfuric  Acid  on  (X^-Diphenylchalconc 

(18A). 

While  stirring,  5  ml.  of  concentrated  sulfuric  acid  was  added 
over  2  minutes  to  a  solution  <rf  12%  of  ISA  in  50  ml.  of  dry 
chloroform.  1  In*  red  dilution  after  5  minutes  was  quenched  with 
ice.  Fv.ipor.il ion  'if  the  w.i-l»rd  and  dried  chloroform  extracts 
ami  <  r\ -t  illi/.ihon  n|  (he  ri--i-in.il  oil  from  hexane  ( requiring  2 
dav  -),  gave  1 ,2.53  nph^tn  linden  |  ol  (22Al.  m.p.  128.5-130.5° 
(20a)  Jld  12'*°  4  1 7 ) !  \nniher  run  with  quenching  in  absolute 
fth.iuttl  g.iv  I  -rt I'm- \  1 .2 .4  triplin', v  tnnh’iie  (22B);  m.p.  172* 
173.5  % 20.i)  [lit.  IT2  ( 1  7) j 

2.3,1-  I  1  iphetn  Iqmiiolnie  i  19 » 


To  a  75  ml.  chloroform  solution  of  5  g.  (0. 1 2  minolcs)  of  18A 
and  18  ud.  (  15  >vnv-le-)  of  0.87  A  h\  Ira/.oie  acid  in  chlorot-Ttn. 
v\a>  added  ilro|iu ix>  with  stirring  (5°)  |0  ml.  of  coiieentrated 
sulfuric  acid  (over  0.5  hours).  Alter  wanning  to  room  temperature, 
quenching  in  ice.  and  neutralization  with  aqueous  .-odium  hvdrox- 
ide.  the  chlorotorm  solution  was  dried  over  sodium  siiltate  and 
evaporated.  Uecry-talli/.ation  from  absolute  ethanol  gave  1.7  >  g. 
(35%);  m.p.  189-190°;  A  max:  run  (c)  247.  298.  335  (47,600. 
14,660,  12,480). 

Anal.  Calcd.  for  C27H19N:  C,  90.72;  H,  5.36;  \,  3.92. 
Found:  0,90.68;  11,5.23;  N,  4.38. 

1,3,4-Triphenylisoquinoline  (21). 

A  mixture  of  5  g.  of  benzhydrylamine  and  5.5  g.  of  benzoin 
was  melted  at  150°  (  10  minutes).  Addition  of  20  ml.  of  mineral 
oil,  heating  at  280°  (20  minutes),  cooling,  and  addition  of  10  ml. 
of  ether  gave  a  solid  which  was  crystallized  from  hexane;  m.p. 
208-209°. 

Anal.  Calcd.  for  C27U19N:  C,  90.72;  11,  5.36;  N,  3.92. 
Found:  C,  90.58:  H.  5.89;  N,  3.76. 

Schmidt  Reaction  on  ci>-(X/3-l)ibromochalconc  ( 188). 

To  10  ml.  of  chloroform.  0.5  g.  (1.4  mmoles)  of  18B(  15)  and 

l. 5  ml.  of  1.03  iV  hydrazoic  acid  in  chloroform,  was  added  drop- 
wise  with  stirring.  1.5  ml.  of  concentrated  sulfuric  acid.  After  2 
hours,  quenching  in  ice,  neutralization,  separation,  and  evaporation 
of  the  nloroform.gave  a  residue  of  2-plienyk'M-dibromoquirmline 
(20)  (0.2  g.)  which  was  re  crystallized  from  ethanol;  0.15  g.  (30%). 

m. p.  148-149°  (20a);  identified  by  ir  comparison  with  an  authentic 
sample  (16c). 

Action  of  Concentrated  julfuri"  Acid  on  CM-0;^-Dibromoehalcone 

(18B). 

A  mixture  of  4  g.  of  18B  and  JO  ml.  of  concentrated  sulfuric 
acid  in  100  ml.  of  chloroform  at  40°  was  stirred  for  10  minutes, 
quenched  in  ice,  and  neutralized.  Evaporation  of  combined  and 
dried  chloroform  extracts  gave  an  oil  which  was  placed  on  an 
alumina  column  by  dry  benzene  and  eluted  with  hexane- benzene 
mixtures;  this  pave  small  amounts  of  cis  and  tranx  188.  and  then 

l. 5  g.  of  the  yellow-orange  2-bromo-3-pheny linden- 1  -one  (24), 

m. p.  111-113°  (lit.  112-113°  (1»)|.  This  was  identified  l.v 
analysis  (20a),  mixture  melting  point  and  ir  comparison  with  a 
sample  synthesized  from  0,0-dipbenylpropionic  acid  [m.p.  149- 
153°  (10b,c)|  through  dehydration  to  3-phenylindan-l-one  [m.p. 
73-76°  (18d)],  bromination  to  the  dibromide  [m.p.  120-123° 
(I8a)[,  and  pyridine  dehydrobromination  to  24  [m.p.  1)1-113° 
(18a)}. 

Synthesis  of  3-Mcthyl-6-phenylphenanthridine  14(11). 

2-Nitro-4-melhyldiphenyl  (b.p.  1  6  140-142°)  (11)  was  reduced 
by  treatment  of  a  stirred  mixture  of  27  g.  (0.127  mole).  250  ml 
of  95%  ethanol  and  palladium  on  charcoal  (50°),  with  15  ml.  of 
hydrazine  hydrate  added  dropwise  over  30  minutes.  Another  0.1 
g.  of  catalyst  was  added  with  refluxing(l  hour).  Filtration,  wash¬ 
ing  with  ethanol,  and  concentration  to  50  ml.  and  addilion  of  50 
ml.  of  hot  water,  gave  an  oil  width  was  distilled;  23  g.  ( e ). 
b.p.  *  5  126-128°  (cl*.  11).  Treatment  of  20  g.  (0.100  moh  )  ol  the 
oil  in  15  till,  of  pyridine  and  23  g.  of  ben/ov  I  chloride  (100  . 
20  hours),  followed  by  75  ml.  of  5%  sodium  bicarbonate  ami 
extraction  with  100  ml.  of  ben/ene  and  evaporation.  ga\r  2- 
ben/amido- l-methv  Idiplicitv  1;  21  e.  (67%),  m.p.  06.02  i  *  f.  I  IV 
Cyclizatinn  of  2  g.  (7  moles)  by  4  ml.  of  phosphurvl  riiioride 
(reflux,  8  hours),  evaporation  under  reduced  pressure,  exiraetton 
with  25  ml.  ol  benzene,  evaporation,  and  er\  stalli/alion*  from 
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tien/ene  gave  1.8  g.(9tl',>  of  15:  tu  p.  I  I 6- 1  lit"  |  .m.dv/ed  < 20.t)  | 
(pirrate.  lit  j>.  230-2  LT  dee.  (!;,}.  \im  t.aiin*u  l*‘lr.iriiiori«!c). 
A8.0(m,  I  2H.  aromatic)  2. 5o  ( *  til.  I'll.) 

■H!fti/o>  \.‘>i  Molt  l)-c\  clohexene. 

A  mixture  i'i  III  g.  (0  5  mole)  of  l-melhv khakoite  |mp. 
9  1-96°  (el.  2  I)  | ,  120  ml.  ol  absolute  I’lliaiud  anil  5  1  g.  (0.5  mote) 
of  butadiene.  w.i*<  healed  in  a  steel  reactor  lor  12  hours  al  170°. 
Cooling  gave  t»0  g.  (37%);  tin*  product  alter  reerv  st  aJli/.ation  from 
n  hexane  and  ethanol  had  tn.p.  Ilil.5-H5a;  A  max:  cm'1  1670 

<c-o>. 

AnaL  Calcd.  for  C20II20O:  C,  87.00;  H,  7.24.  Found: 
C,  86.94;  II,  7.51. 

2-(p*rolyl)benzophenone  (11). 

A  mixture  of  27.6  g.  (0.1  mole)  of  4-hen/.oyl-5*(p  lolyl)- 
cyclohexene  and  0.4  g.  (0.2  mole)  of  sulfur  was  heated  for  1  hour 
at  200-230°  and  then  for  2  hours  at  260°.  Distillation  under 
reduced  pressure  and  crystallization  irom  hexane  gave  4.1  g.  (  15%) 
of  11.  m.p.  77-70°;  \  max:  em_l  1071  (C-O). 

AnaL  Caled.  for  C2qI1iaO:  C,  00.20;  II,  5.92.  Found: 
C,  8(1.41;  H,  3.97. 

The  Schmidt  Reaction  on  11. 

This  was  carried  out  on  0  g.  (0.0294  »nole)  in  00  ml.  of  stirred 
concentrated  sulfuric  avid  at  oO^  by  port  ion  wise  addition  of  3  g. 
(0.046  mole)  of  sodium  azide  over  3  hours,  stirring  for  an  addi¬ 
tional  12  hours,  quenching  in  ice,  filtration  of  the  precipitate, 
solution  of  the  precipitate  in  200  ml.  of  ether,  extraction  with 
50  ml.  portions  of  10%  hydroehk'h*  acid,  and  neutralization  with 
10%  sodium  hydroxide.  The  resulting  orange  oil  (3  g.)  was  taken 
up  in  hexane,  placed  on  a  60  g.  florisil  column,  and  eluted  with 
8:92  ether-henzene  mixture  which  gave  2.8  g.  of  14-15  mixture, 
m.p.  100-1 1 3°.  Fractional  crystallizations  from  hexane  gave  9.0  g. 
of  pure  14,  m.p.  116-118°;  identified  by  correct  analysis  (20a), 
spectral  comparison,  and  mixture  m.p.  with  authentic  14  synthe¬ 
sized  as  above  (11).  The  1.9  g.  of  material  from  the  combined 
filtrates  from  14  was  not  resolved  by  further  crystallizations  and 
was  a  constant  melting  mixture,  m.p.  97-106°;  it  showed  gradual 
rise  iii  melting  point  when  mixed  with  increments  of  pure  14,  and 
gave  correct  C,  II  analysis  for  C2yH  1 5  N.  Its  mnr  spectrum  showed 
a  12  proton  aromatic  multiplet  resembling  that  of  15,  and  two 
methyl  singlets,  one  of  6  2.56  (14),  and  the  other  6  2.46  which 
represents  the  one  possible  structural  isomer,  namely,  8-rnethyl- 
6-phenylphenanthrenc  (  15)  (not  isolated  pure).  From  the  yield  of 
pure  14  isolated,  and  the  amounts  of  the  two  isomers  in  the  mix¬ 
tures  obtained  (estimated  from  the  intensities  of  the  respective 
nmr  methyl  peaks)  the  ratio  of  the  isomers  14:15  was  53.5:46.5. 
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The  title  compound  (1)  was  synthesized  to  provide, 
for  antimalarial  testing,  an  example  of  a  4-quinoline 
amino  alcohol  in  which  position  2  was  blocked  by  the 
OH?  group  of  the  rigid  2,3-trimethylene  ring.3  It  was 
hoped  that  this  arrangement  would  prevent  rapid  bio- 


— COCHaBr 


6 

HBrj 

[— COCHN,] 
5 


2  3 

degradation,4  and,  through  lack  of  conjugation  of  the 
type  involved  in  the  2-aryl  series,  would  minimize 
phototoxicity. s 

The  synthesis  started  from  5,7-dichloroisatin  (2)  and 
proceeded  by  the  classical  route, •  namely,  Pfitzinger 
condensation  with  cyclopentanono  to  0,S-dich loro-2, 3- 
trimethylenocinchoninic  acid  (3), 7  followed  by  d i azo¬ 
methyl  ation  of  the  acid  chloride  4  to  5,  hydrobromina- 
tioti  to  bromo  ketone  fi.  reduction  by  N;iBII4-NhOH  to 
the  epoxiiie  7,  and  aniinolvsis  with  Bu.\H. 

Biological  Activity,  Target  compound  l  proved 
to  he  only  moderately  active  against  Plasmodium 
hrrahei  in  mice,  doubling  survival  time  at  a  dosage  of 
320  rug,  kg,  and  trebling  it  at  (i  10  mg/kg. 

K*  peri  mental  Section* 

6,S-l)ichloro-2.3-trimrth)li*n**finfhoninic  Acid  f5,7*l)ich!oro- 


2,3-dihydro-l//-cyclopcnta|61quinoline-9-carboxylic  Acid)  (3) 
{(J.  the  llnchlorinated  Acid7). — The  purple  slurry  from  addition 
of  21.6  g  (0.1  mole)  of  2  to  16. 8  £  (0.3  mole)  of  KOI!  in  125  ml  of 
H*0  was  added  under  stirring  to  20  £  (0.238  mole)  of  eyclopen- 
tanonc  in  150  ml  of  abs  KtOH.  After  refluxin£  (25  hr)  and  evapn 
in  vacuo ,  the  residue  was  dissolved  in  700  ml  of  H20.  Acidifica¬ 
tion  with  AoOH  gave  3;  this  was  dissolved  in  KOH-HjO,  repptd 
by  AcOH,  and  washed  successively  with  dil  AcOH,  HjO,  and 
cold  KtOH:  23  g  (SI.6%);  inp  272-274°  dec.  Anal.  (C„- 
H»Cl*NOj)  C,  H,  N.*b 

3* Potassium  Salt  (8). — A  hot  soln  of  5  g  of  KOH  in  20  ml  of 
abs  EtOII  was  added  with  stirring  to  a  suspension  of  21.9  g  of 
3  in  150  ml  of  warm  KtOH.  Chilling,  filtering,  and  washing  v.  ilh 
cold  KtOH  and  with  250  ml  of  Kt-O  gave  21.47  g:  unchanged  at 
325°;  ir  (cur1)  2975,  2930,  1580  (0=0).  Anal .  (C„H.- 

C12KN02)C,  II,  N. 

3* Methyl  ester  (9)  was  prepd  by  CH2N\-EtiO  on  3;  erystd 
from  EtOH -hexane:  mp  177-17H0;  ir  (cm-1)  1720  (C=0); 
nmr  (CDCla).  *5  *.30  (l  11,  doublet),  7.30  (1  11,  dj,  4.13  (3  H,  s'), 
3.3 1  (4  II,  triplet),  2.25  (2  H,  quintuplet).  Anal.  (CuHn- 
CltKCMC,  i:,N. 

3  Amide  (10)  was  prepd  from  4  by  aq  NH*;  erystd  from 
EttO-hexane:  mp  285-287°  dec;  ir  (cm-1)  3350,  3160,  16S0. 
Anal.  (CijHicClaNjO)  C,  H,  N. 

6,8-J)ichloro-4-bromoacetyl-2,3-trimethylenequinolme  (6). — 
A  Call*  soln  of  3 -acid  chloride,  4,10  was  prepared  from  13. S  g  of 

3  HC1  by  reaction  with  PCls  (100°,  30  min)  and  extg  with  dry 
Cells11  (quenching  of  an  aliquot  in  ice-NHj  gave  10).  This  was 
added  (below  10°,  over  0.5  hr)  to  5.61  g  of  dry  CHjN;  in  700  ml 
of  EtjO  (KBr  pellets;  H20  present  at  this  point  readily  converts 

4  through  3  and  ClljN*  to  9).  After  warming  to  room  temp 
(2  hr)  48%  HBr-HjO  was  added  (stirring,  40  min).  The  Kt*0 
layer  was  washed  successively  with  48%  HBr,  IltO,  and  NftCl- 
HjO,  dried  (MgSO«),  and  evapd  in  vacuo.  The  residual  oil  in 
700  ml  of  petr  ether  (bp  65-110°)  was  decolorized  (char¬ 
coal,  reflux)  and  successively  coned  and  cooled  giving  re- 
crystd  (hexane),  mp  125-127°  (still  impure);  ir  (cm'1)  3090, 
3000,  2970,  2940,  1720;  nmr  (CDCh),  7.80  (1  II,  d),  7.60  (l  II,  d), 
4.38  (2  H,  s),  3.21  (4  H,  overlapping  triplets),  2.37  (2  11,  quin¬ 
tuplet). 

(!)  (a)  This  work  was  supports!  by  the  U.  S.  Army  Medical  Research  and 
Development  Command,  Office  of  the  Surgeon  General:  Contract  No.  PA- 
49- 193- M  0-2^155,  R.  E.  LuU,  Responsible  Investigator,  (b)  Contribution 
No.  934  of  the  Army  Research  Program  on  Malaria,  tc)  Presented  in  part 
at  the  Southeast  Regional  Meeting  of  the  .American  Chemical  Society. 
Richmond,  Va..  Nov  1969,  Abstract  255.  (d)  AnUmnlarml  test  results  were 

supplied  by  the  Walter  Reed  Army  Institute  of  Research. 

(2)  Postdoctoral  Research  Associates. 

(3)  (a)  Cf.  reported  anlimatanal  properties  of  derivatives  of  0-<piinin- 
dene:  (b)  M.  S.  CtiSiihl,  K.  K.  Chakravarti,  urn!  S.  Siddi<)Ut,  J.  See  Indian 
/(««..,  10B,  l  (1931);  Chrm.  Ab*tr.,  46,  4545  (1952). 

(4)  li.  T.  Williams,  "Detoxication  Mechanisms, "  Wiley,  New  York,  N.  Y., 
1959.  p  655. 

(5)  W.  E.  Uothe  and  D.  P.  Jacobus.  J.  Med.  Chrm.,  II,  300  (1968). 

(6)  K.  E.  Lut*.  rt  n(.,  J.  .4  mrr.  Chrm.  Sor.,  66,  1H13  t!946). 

(7)  ef.  V.  Q.  Yen,  N.  P.  lluu-llni.  and  N.  D.  Xuotiff,  J.  Or0.  Chrm.,  II, 

1 85S  1 1 958) . 

fS)  The  method  of  T.  S,  Osdenc.  P.  H.  Russell,  ami  I.,  Rane.  J.  Mtd. 
Chrm..  10.  431  (  IMii7>. 

(9)  Instruments:  (:0  Thomas  Hoover  apparatus  for  mp;  (b)  ir.  Perktn- 
Kliurr  337;  '  nmr.  ! Mario  Perkin  Elmer  K-20;  pi)  anal.  tGatlbraith  Lab, 

Inc.)  wen*  cofiwi  within  to  I'J- 

tlO)  Ptrst  attempted  prepns  of  4  using  Pt’U  were  frustrated  by  facility  of 
hydrolysis.  Cue  of  SOt  b  (with  or  without  l).MF),  and  oxaM  chloride  [J. 
8/tmio/kovM*.  J.  f)ma  Chrm  .  29.  Ml  »l'»**l').  gave  -.imorphoua  orange  prml- 
icts,  esrept  in  one  of  the  r  experiments  w-wng  3  K  Salt  (ft)  (.not  s;'crr-  *• 
fully  re|<eat «!«<  *«  V«*OH  ,’.:en<  '  g.n  e  3  Me  e*ier  9,  S"1'; ). 

(Ill  Cf.  th»-  teirahi droarrid.ne  nualoKs;  (i,  K,  patnaik,  M.  M.  Yuhra, 

J  S  lliii.lin,  t\  I*,  tla.'g,  and  N.  \rnaiul,  J.  \ftd.  Chrm  .  6,  4K3  UMim. 
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6,8-Dichloro-4-epoiyethyl-2,3-trimethylenequinoline  (7), — 
A  soln  of  1  g  (0.026  mole)  of  NaBlR  in  10  ml  of  U,()  ami  7  ml  of 
2  jV  NaOH,  was  added  dropwise  over  10  min  to  a  stirred  sus¬ 
pension  of  4.tir>  g  (0.013  mole)  of  nearly  pure  6  (above)  in  50  ml 
of  MeOH.  Stirring  for  an  addl  1.5  hr,  cooling  for  15  min,  filter¬ 
ing,  and  washing  with  MeOH  gave  3.42  g  (94.5%)  of  7  (mp  134- 
139°);  recrystd  from  Et20-hexane,  mp  144-145°;  ir  (cm"1) 
2960,  2980,  3100,  none  for  0=0;  nmr  (CDCli),  8.02  (1  H,  d), 
7.71  (1  H,  d),  4.26  (1  II,  m).  3.10  (5  H,  in), .2.17  (2  H,  quintuplet). 
Anal.  (CuH„ChNO)C,  II,  N. 

5,7-Dichloro-2,3-dihydro-l//-cyclopenta(5)quinoline-9-(a-di« 
n-butylaminomethy  (methanol  HO  (1). — A  suspension  of  3.0 
g  of  7  in  12  ml  of  Bu;NII  was  stirred  for  4.5  hr  at  105-110°, 
monitoring  disappearance  of  7  (4  hr)  by  tic  (silica  gel  G,  l :  1  Et  .0- 
hexane).  After  evapn  in  vacuo  of  Bu2NH  (60°)  the  oil  (5.1  g), 
dissolved  in  150  ml  of  Et;0,  was  treated  w'ith  increments  of 
Et^O-lICl,  each  sufficient  to  give  0.2-0. 4  g  of  1  (each  fraction 
being  washed  with  Et20).  Fractions  1-4  contd  decreasing  amts 
of  BuiNH  HCl;  and  5-8  were  largely  1  (2.65  g).  Repeated 
recrystn  from  EtOH-EtjO  gave  0.5  g,  light  tan,  mp  160-162° 
dec;  ir  (cm"1)  3440,  3220  (OH),  2960,  2940,  2880  (CH),  2670, 

2620,2530  (NH).  Anal.  (CttH«,ChN*0' HCI)  C,  H,  N,  Cl. 

Incidental  and  Preliminary  Experiments.  Attempts  to  r.Jd 

2- PyLi  and  MeLi  to  the  2,3-trimethylenecinchoninic  acids  were 
unsuccessful,  presumably  because  of  steric  interference  of  the 

3- CIIj  group  and/or  the  activity  of  the  2-CH2  hydrogens  (cf. 
ref  12). 

2.3- Trimethylenecinchoninic  acid  HCI  (11),  pptd  from  Et*0, 
mp  252-255°  dec,  was  treated  with  PCU  (steam  bath  for  30  min, 
addn  of  CiH«,  arid  reflux  for  2  hr),  giving  a  ppt  presumed  to  be 
the  acid  chloride  HCI  (12)  (sublimed,  8%,  mp  245°  dec). 

2.3- Trimethylenecinchoninamide  (13)  was  prepd  from  12  by 
treatment  wuh  HjO-NIIj;  crystd  from  EtOH,  mp  276-277°; 


ir  (cm *  M  3330  (si,  3110  (s)  r N II- 1,  KiSS  (C--0).  .1  rial.  (Cu- 

HuN\())C,  H. 

4-Bromoacetyl-2.3-trimethylenequinofine  HBr  (14 ). — CHiNj- 
Et  4)  with  3  g  nf  12  (overnight »  gave  orange  cubes  of  diazo  ketone. 
Treatment  with  10  ml  of  4 *%  HBr-HsO  gave  14;  crystd  from 
EtOH;  2.1  g  (70%);  mp  20h°  dec;  ir  (crn“l)  1730  (C— -O), 
2500  (NH).  Anal.  fCt«HnBrtXO)  N. 

Derivatives  of  2.3-trimethylene>4-quinolones  were  made  by 
the  action  of  the  appropriate  aniline  on  ethyl  cyclopen tanone-2- 
earboxylate,  cyelizing  at  250°,  and  crvsln  from  EtOH:16*11  15,  (a) 

6,8-0*,  26%,  mp  305-307°  (b)  cyelization  bv  refluxing  PhjO, 
recrystd,  mp  314-315°  (lit.Jb  313°)  [Ana/.  (C»HfChXO:  C,  H, 
N];  16,  6,S-Me2,  60%,  mp  326-327°  [Anal.  (CJIpNOl  N]; 
17,  6-Me,  39%,,  mp  319  322°  [Anal.  (C„H„NO)  C.  H] ;  18, 
8-0 Me,  26%,  mp  212-213°  [Ana/.  (C»HhNO H  C,  H,  Nj;  19, 
8-CI,  21%,  mp  209-270°  |Anaf.  (C^H^CINO)  C,  H,  N] ;  20. 
8-F,  15%,  mp 292-293°  [Anal.  (CiSH,.FNO) C,  H,  N|. 

4-Bromo-2,3-trimethylenequinolines  were  prepd  by  treating 
the  quiuolone13  with  POBrj  at  120°;  crystd  from  KtOH:  21 
(parent  eompd),  50%,  mp  72-73°  [Ana/.  (Ci-HioBrN),  C,  H,  N] ; 
22,  6,8-Mej,  from  16,  69%,  mp  124-125°  [Ana/.  (C»HuBrN) 
C,  Hj. 

4.6,8-Trichloro-2,3-trimethyIenequinoline  (23)  was  prepd  by 
refluxing  POCl3  on  15,  crystd  from  EtOH,  80%,  mp  1618- 
162°.  A  nal.( C,2H8CI,N )  C,  H,  N. 

Attempted  preparation  of  4-lithio-2,3-tKmethylenequinolines 
from  21  ,  nd  22  by  BuLi  and  addns  to  2-pyridaldehvde  were 
unsuccessful,  presumably  because  of  the  activities  of  the  2-CHj 
groups.1* 

(12)  P.  G.  Campbell  and  P.  C.  Teague,  J.  Amrr.  Chem.  Soc.,  76,  1371 
(1054). 

(13)  D.  K.  Blount,  W.  11.  Perkin,  Jr.,  and  S,  G.  P.  Plant,  J.  Chrm.  Sor., 
1975  (1929). 
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V.  Part  7.  (Continued) 

Antima laria Is .  1 1 T  Vinylogs  of  Substituted  2-Arvl-4-gninol ine 

Am  in  on  leoho  Is  .  5  -  (,£-Chlorobenzy  lidine )  -5 ,7  -dimethyl  -  i  ,2-d  ihydro- 1H- 

cyc lopenta [b ] quinoline -9  and  2 -£-Ch loros tyry 1-6 ,8 -dime thy 1-4 -quino¬ 
line  (a-Di-n-butylaminomethy 1 )methanols . 

Manuscript.  To  be  submitted  to  the  Journal  of  Medicinal  Chemistry. 

By  J.  M.  Sanders'* and  R.  E.  Lutz*  (Supplements:  by  B.  B.  Corson,  J. 
Pociask,  H.  Koppel  and  J.  Riedmaier,3  and  by  R.  G.  Bass  and  R.  R. 
Hirjibehdin11)  . 

Department  of  Chemistry,  University  of  Virginia,  Charlottesville, Va . 

Abstract .  Syntheses  were  from  5 ,8-dimethyl-4-hydroxycarbostyril 
by  3,3-dichlorination,  dimethoxylation  to  the  3-ketal,  hydrolysis 
to  the  glyoxal  acetal,  Pfitzinger  condensation  with  eye lopentanone 
or  acetone  to  the  2,3-trimethylene  or  2-methy lquinoline ,  condensa¬ 
tion  with  4-ClPhCHO  at  the  2-methylene  or  methyl  group,  hydrolysis 
to  the  4-quinaldehydc ,  methylenation  to  the  epoxide,  and  condensa¬ 
tion  with  Bu2NH„  The  first  was  curative  against  P.  berghei  in  mice 
at  40  mg/kg. 


Since  6 ,8-dichloro-2 ,3-trimethylene-4-quinoline-(a-di-n-butyl- 
aminomethyl)^methanol  (l) 1  was  moderately  active  against  P.  berghei 
in  mice  and  non-photoxic  in  animals,  the  £-chlorobenzylidine  6,8- 
dimethyl  analog  and  the  parent  2-£-chlorostyryl-4-quinoline 
aminoalcohol  '6_  were  synthesized  for  comparisons  with  the' highly 
curative  2-aryl-4-quinolyl  aminoalcohols  of  type  4^.  Compound  2_ 
has  a  rigid  tricyclic  nucleus  in  which  the  quinoline  moiety  is 
conjugated  through  the  2-vinyl  group  with  the  £-ClPh  in  a  presumably- 
trans  and  relatively  planar  chalcone-like  system  where  the  1,2-quino¬ 
line  C=N  replaces  the  chalcone  C=0;  and  3.  has  the  simple  trans- 
chalcone-like  system  planarized  by  resonance. 


Chemi  strv  .  T.n  an  attempted  synthesis  of  the  5 , 7 , 4 ' -trichloro  analog 
°f"  7.,  P-ClPhCHO  was  condensed  at  the  active  CH2  of  the  2,3-trimethy¬ 
lene  carboxylic  ester  (  39“*lQ),  but  the  acid  chloride  on  diazo- 
mcthylation  and  hydrobromination23  failed  to  give  the  bromokatone 
and  exhausted  supplies  of  intermediates.  The  Ziegler  synthesis3  of 
4-qui na ldehydes  was  then  utilized,  starting  from  2 ,4-Me2PhNH*  rather 
than  the  preferred  2 ,4-Cl2PhNH2  because  of  the  reported  much  better 


yield  of  inter. nod  late 
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with  2 ,4-MOaPhNHn  and  hydrolysis  of  S  gavo  malona.alc  acid  1  Cycll- 
zation  to  6  8-dimethyl-4-hydroxycarbostyryl  (8),  3  ^-dichiorrnacroa 
To 9 dimethoxylation  to  the  3-ketal  10,  and  hydrolysis,  gave  glyoxal 

acetal  U.  Pfitsinger  condensation  with  cyclopentnnone  to^he^  5- 

trimethyTenequinoline  12^  condensation  at  the  2-CHa  with  4  Llll 
hydrolysis  to  quinaldehyde  IS,  mcthylenatlon-  to  the  epo^de  14, 
and  condensation  with  BuaNH,  gave  aminoalcohol  2. 


Scheme  I . 

CH2(  COOEt)  2  +  Me2PhNH2 

Me2PhNHC0CH2C00Et  jj  - 
CH  z(  CONHPHMe  a )  s  §. 


The  route  to  the  parent  2-vinylog  of  the  2-aryl-4-quinoline 
aminoalcohols ,  2- (4-chlorostyryl)  analog  3,  branched  from  Scheme  I 
by  condensation  of  with  acetone. 


AntimalarLal  Activity.5  The  2-p-chlorobenzildine-2,3-trimethylene- 
4-quinoline  aminoalcohol  2_  was  active  against  P.  berghci  in  mice  at 
10  mg/kg,  cured  2  of  5  mice  at  20  mg/kg,  and  was  completely  curative 
at  40  mg/kg.  It  was  mildly  phototoxic  in  animals  (MED,  ip,  mg/lcg:  100 


Considering  the  manifold  increases  in  antimalaria 1  activity  in 
other  series  upon  replacing  6,8-Me2  by  more  effective  pharmacophoric 
groups,3  it  would  be  of  interest  to  make  and  test  the  o ,8-C l2  and  CF3 
analogs  of  2_t  and  representative  cis  isomers0  and  saturated 

analogs . 

Syntheses  of  2,3-Trl m cthy 1  one  Compound  2  and  its  q-Piporidyl  A na log 
by  classical  routes  "~a  > '  were  undertaken  by  Corson,  Riedmaier, 

Pociask  and  Koppel8  to  obtain  a  sample  for  clinical  trial.  The  last 
step  condensation  of  aminoalcohol  2-1°  with  £-ClPhCH0  (Scheme  III) 
gave  only  3^  of  2 ,  possibly  because  of  sensitivity  of  the  amino¬ 
alcohol  chain  with  its  active  4-methine  group. 
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Attempted  synthesis  of  the  2-piperidyl  analog  of  2,  via  pyridylation 
of  L9  to  2 5 ^hydrogenation  to  _26 ,  and  condensation  with  £-ClPhCH0,  gave, 
instead  of  the  desired  aminoalcohol ,  -an  isomer  which  has  now  been  shown 
to  be  the  oxazolidine  27 _,  the  cyclic  azaketal  of  the  secondary  amino 
alcohol  26 . c*s  ,9  Possibly  the  azaketal  group  might  serve  protectively 
in  forced  condensations  at  the  2-methylene  group^  -to  be. 

followed  by  the  very  facile  acid-hydrolytic  regeneration  of  the  secondary 
aminoalcohol  grcup.3c 


Proof  of  structure  27_  rests  on:  (a)  Total  inactivity  against  P. 
berghei  in  mice  in  contrast  to  total  curativity  of  J2.  at  40  mg/kg1^’5. 

(b )  Facility  at  25°  of  hydrolytic  cleavage8’9  of  2L7*2HC1  to  2(5  and 
p-CiPhCHOs.  (c)  Absence  of  N-H  and  O-H  i_r  absorptivity  at  3,400-3,500 
cm'1  (KBr  or  CHC13) (shown  by  2).  (d)  Lack  of  chalcone  type  uv  absorp¬ 

tivity  above  nm  350  (shown  by  2).  (e)  Nmr  spectra  comparability  with 
27  as  a  pair  of  diastercomers1'3’  (unseen  by  tic):  6,  CDCl3(or  C6DS), 
5.70,  6.16,  J8 ,  Hz  26(30),  IH-dd  with  all-equal  peak  intensities  rather 
than  the  1:2  peak-intensity  ratios  calculated  for  each  of  the  doublets 
were  they  coupled  (LACOON  Ill,  least  squares  fit  simulation).  D20 
caused  no  D  exchange  required  by  0-H  and  D-H.  (f)  Chemical  ionization 

mass  spectrum  (D.  F.  Hunt10):  substituting  D20  for  H2O  as  reagent  gas 
failed  to  increase  the  molecular  weight  of  the  abundant  M+l  ion  (M+H 
m/e  433,  M+D  m/e  434),  thus  excluding  0-H  and  N-H  (spectrum  compatible). 


Synthc sos  of  J>, 7_-Dimethyl-4-(p-chl  probonzilldine-l  ,2,3. JLl.be trjih^dro- 
acrTdine-9-  Cci-N -pipe  rid  inomu thanol  )me  thanol  (37),  a  2  ,3  -  te  tramecny  lone  - 
quinoline  analog  of  2,  by  Bass  and  Hirjibchdin11,  was  accomplished  via 
Scheme  IV  in  spite  of  evident  steric  interference  with  reactions  of 
groups  at  posi.tion-0  (paralleling  Scheme  l)  (an  antimnlarial  test 

sample  has  not  yet  been  obtained). 
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Expcr  i.mcnta  1  ,f 

Synthesis  of  2  started  with  reaction  of  2 ,4-dimethy laniline 
and  diethyl  malonate  (1:6  mixture,  190U  until  evolution  of  EtOH 
ceased  ).cbo  Mixtures  of  5  and  £  were  obtained  by  pouring  into  MeOU 
(chilling),  concentrating  in  vaco  (recovering  diethyl  malonate), 
and  extraction  of  the  residue  (boiling  Et30) .  Recrystallization 
(Et20-hexene )  gave  ethyl  N-(2 ,4-dimethy]  phenyl )malonamatfe  (5) ; 
mp  102-104°;  characterized  by  ir  (cm  1),  3340,  3320,  1730,  1675; 
anal,  by  nmr  (CDC13):  61.21  (t,3,  J  =  7.5  Hz),  2.30  (s,6),  3.49 

U,2),  4.28  (q ,  2 ,  J  =  7.5  Hz),  7.08  (m,2),  7.81  (s,l),  9.15 
(s,  broad,  l).  Two  successive  treatments  of  5-6  mixture  with 
boiling  105  NaHC03  (6  hr),  cooling  and  filtration,  gave  malonic 
acid  bis-2 ,4-dimethy lanilide  (6)  ;  mp  126-164°  (containing  no  5 , 
tic,  silica  gel  G,  EtOH) ;  characterized  by  mass  spectrum,  m/e 
310  (M ) ,  163,  149,  148,  122,  121  (base  peak),  120,  106,  77  (this 
should  be  convertible  to  10  by  A1C13).3C  Acidification  of  NaKC03 
filtrates  from  6  (HCl)  precipitated  N- (2 ,4-dimethylphenyl)malon- 
amic  acid  (l) ;  recrystallized  (EtOH)  (755),  mp  158-159°;  mass 
spectrum,  m/e  207  '(M  ),  163,  122,  121  (base  peak),  120,  106,  91, 
77,  44.  Anal  (CnHiaNOs)  C  (ealed  63.76,  found  65.0),  H,  N. 

Preparation  of  6 ,8-dimethyl-4-hvdroxycarbostyry  1  -  (£3)  was  by 
cyclization  of  7  ( PPA ,  145/ ,  4  hr);  recrystallized  (DMF);  mp  355° 
dec  (lit3b  360°T. 

5  ,5-Dichloro-6 ,8  -dimethvl-2  ,4-dloxo-l  ,2,5,4  -tetrcihydroquinoline 
(£) . —  A  reluxing  solution  of  8  (  12:2 :3  d  i o xa n e - Ho 0 - c one  HCl) 
was  treated  dropwise  with  600  ml  of  305  H202  at  a  rate  to  main¬ 
tain  the  exothermic  reaction  at  90-95°;  £  precipitated.  After 
30  min  (80-85°),  cooling  and  diluting  (ice-H^O)  ,  £  was  filtered, 
washed  (H;;0)  and  dried  (100°,  20  hr);  yellow,  mp  217-218°  dec 
(lit3b  215°);  615  from  £;  recryst  (THF-hexane) ,  mp  222-223° 
dec;  mass  spectrum,  m/e  257  (M+  base  peak),  223,  189,  174,  158, 
148,  130,  119,  104,  103- ,  92,  77.  Ann  1  .  (CnHaClaNOs)  C,  H,  N. 

3 ,3 -Dime thoxy -6 ,8 -dime thy 1-2 ,4-dioxo- 1 ,2,5 , 4  - tetrahydroquino- 
line  (10).  —  Addition  of  a  solution  of  40  g  of  Na  in  MeOH 
(600  ml)  to  £  (202  g  in  MeOH,  500  ml,  exothermic  reaction)  re¬ 
fluxing  (30  min) ,, quenching  (ice-55  HCl),  filtration,  and 
washing  (H3o)  ,  gave  10;  recryst  (MeOH ,•  yellow)  ,  mp  206-208°;  nmr 
(CDC13),  6  2.10  (s,377  2.22  (s,3),  3.47  (s,6),  5.32  (s,l),  6.37 
(s,2),  7.08  (s,  broad,  l),  7.72  (s,l).  Anal.  (Cl3 Hx ^NO* )  C,  H,  N 

Diethoxy  Analog  of  10:-  prepared  from  £  by  NaOEt;  mp  191-192° 
dec.  Ana  1  .  (C1.JH,aK04)  C,  H,  N. 

2 -Ami  no- 3 ,5- dime  thy  I pheny  i  g ! voxn  L  Dime  thy lace ta 1  ( JJ_ ) . —  A 
suspension  of  £9  in  1.L5  1.  of  65  aq  NaOil  was  refluxed  (1.25  hr), 
cooled  (10),  saturated  with  NaCl^’/extrac Led  portionwisc  with 
1.6  1.  of  F.t-O,  giving  ££  (505  from  dimethylani  1  Lne )  ;  bp  127- 
128  °  /0 . 23  mm..  Nmr  (CDC13),  £>  210  (s,  3),  2.22  (s,  3),  3.47 
(s,  6),  5.32  (s,  1),  6.27  (s,  broad,  2),  7.08  (s,  l),  7.32  (s,  l) 
Anal.  (C,,H17N0:i)  C,  H,  M. 
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5 ,7 -Dimethyl -9-  ( di  me thoxyme thy  1 )  -2  ,5 -  cl ihydro- IH-cyc  1  opcM-.ta  ]b  j 
quinoline  (12TT^*~  3(~‘ —  A  solution  oi:  Na  (2.5  g  £iOH)  JJ_  (29.3  g) 
and  eye lopentanone  (15  g)  was  refluxed  (17  hr)  and  quenched 
(saturated  NaCl).  Et20  extraction,  evaporation,  and  crystalli¬ 
zations  (hexane)  gave  \2  (25.1  g,  70#,  yellow),  mp  78-89".  Anal . 
(C17H21N02)  C,  H,  N. 

5-  ( 4-Ch  lor  opheny  1^-2 -eve  1  open  ten  one  prepared  (21#)  like  the 

phenyl  analog'3;  sublimed  (75°/0.3  mm),  mp  96-98";  mass  spectrum, 
m/e  192  (if)  ,  157,  149,  136,  129  (base  peak),  126,  127;  nmr 
(CDCI3);  6  2.60  (m ,  2 )  ,  3.25  (m,2),  6.59  (m,l),  7  .*55  (m,4).  Anal. 
(C11H9CIO)  C,  H.  Attempted  condensation  with  11.  was  unsuccessful. 

5- (4-Chlorobcnzv lidene ) -5 ,7 -dime thy  1-2 ,5 -dihydro- IH-cvc 1 open ta. 
[b]quinoline-9-aldehyde  ( 13  Jct^e —  X  mixture  of  _L2  (7.89  g)  , 
£ClPhCH0  (4.26  g),  dry  NaOAc  (2.51  g),  Na2C03  (10.6  g)  and  Ac20 
(300  ml),  was  refluxed  ( 17  hr),  cooled,  and  hvdrolized  (15#  NaOH). 
The  precipitate  was  washed  (d20,  Et20,  13-acetal ,  9.76  g).  A 
mixture  of  an  aliquot  (5.67  g)  ,  C11C13  (250  ml)  and  5#  HC1 
(50  ml)  was  stirred  (1  hr)  [1:4  H20-THF  dissolves  JJ2  and  may  be 
preferable.]  Evapn  of  the  CHC13  and  Et20  extracts  gave  13^5.45 
54#  from  12) ,  mp  233-235  dec;  rccrystallized  (THF) ,  mp  237-239° 
dec;  mass  spectrum,  m/e  347  (ll '  ,  base  peak),  346,  319,  318,  312. 
Anal.  (C22H2bC1N0)  C,  H,  N. 

3- ( 4 -Chlorobenzy lidene ) -5 ,7 -dime  thvl-2 ,5 -dihydro- 1H -cvc lopenta- 


[b]quino line -9 -ethylene  Oxide  ( 1_4).  * —  To  a  mixture  of  THF 

(lOO  ml )  'unJmH ( 5. 24  g  of  54#  mineral  oil  dispersion  in  DMSO, 

100  ml,  heated,  70°)  was  added  THF  (cooling  to  -5"), 

Me 3 SI  (25  g  in  DMSO,  175  ml,  over  3-5  min,  ±5° ) ,  then  THF  (50  ml) 
and  13  [9  g  suspended  in  THF'*  (159  ml)}over  2-3  min  (-5°),  Stirring, 
15  min  at  -5°  and  1.25  hr  at  room  temperature,  quenching  (H20 
and  saturated  NaCl'),  extraction  (Et20,  and  2:1  Et20-TIIF),  and 
crystallization  (Et20)  ,  gave  _14_  (4.57  g,  49#),  mp.  203-206°  dec, 
recrystallized  (Et20) ,  yellow,  mp  205-207°  dec;  mass  spectrum, 

361  (M+,  base  peak),  345,  344,  343,  332,  318,  297,  296.  Anal. 
(CaaHaoCINO)  C,  H,  N. 

3- ( 4 -Chlorobenzy lidene ) -5 ,7 -dime  thvl-2 . 3-dihvdro- 1 1l-cyc 1  open ta - 


[b  ]qui noli ne-9- ( &-di-n-butv  1  amlnomc  thy  1  )methnno  1  (£?) , —  A  sus¬ 

pension  of  J_4  (3.32  g) .  in  BuoNH  (7.5  g)  was  heated  (under  N2 , 
145-150°,  9  hr,  uHfh  disappearance  of  J_4  monitored  by  tic  (silica 
gel  G,  Et20-hexane ) .  Removal  of  excess  Bu2NH  (55°/3  mm)  and 
crystallization  (Et;,  J -THF )  gave  3.63  g;  recrystallized,  yellow, 
mp  153-155’  dec;  uv  (EtOll),  nra  (ex  1 0  “ 3 )  :  235  sh  (1.79),  294 

(28.3),  299  (29.0),  350  sh  (17.5),  364  (25.2),  381  (25.2).  Anal. 
(C31H39C1N20)  C,  H,  N. 


2  ,P  ,8-Tritnethylquinoline-4-aldehydc  Dimethyl.  Ace  yi  L  1  !IC  ^  3  —  A 
soln  of  ll3  (10.7  g)  and  Me2C0  (3  g)  in  abs  EtOH  (30  nil)  was 
added  rapidly  to  a  30  ml  EtOH  soln  of  Na  (0.85  g).  Refluxing 
( 18  hr),  quenching  (aq  NaCl) ,  Et20  extrn,  vac  evapn  and  chroma¬ 
tography  (Florisil,  300  g,  elution  by  hex  and  9:1,  3:1  and  2:1 
hex-Et20),  gave  lb,  11.29  g,  (96$),  tic,  single  spot  (silica  gel-G, 
eluent  4:1  hex-Et20) ,  bp  125-125 . 5° /0 . 33  mm,  colorless;  nmr 
(CDC13)  6  2..5*  (3H,s),  2.9(3H,s),  2.3(3H,s),  3.38(6H,s)  5.9  ( 1H ,  s )  , 
7.44(1H,  broad  s),  7.57(lH,s),  7.86(1H,  broad  s)  Anal.  (C15H,9N02) 

C,  H,  N. 

2-  (4-Chlorostyrvl )  -6  , 8 -dime  thy  lquinoline -4 -aldehyde  (lj3).C^3  -  A  mix¬ 
ture  of  15  (12.7/g),  p-CIPhCHO  (7 . 9;g)  ,  anhyd  NaOAc  fs . 8g )  ,  anhyd  Na2C03 
(l4jg),  and  Ac20  (300,ml)  ,  was  refluxed  (18  hr)  and  quenched  (ice-H20- 
KOH-NaCl).  16-Acetal  was  isolated  by  repeated  extrd  (THF)  and  hydro¬ 
lyzed  (THF-H20-conc  HC1,  300/150/25  ml,  brief  reflux).  _16  was  extrd 
(THF ,  Et20)  and  recryst  (Et20-hex) ;  7.51g  (50%) ;  recryst,  yellow,  mp 
167-169°;  ir  (KBr):  1700  cm  1;  nmr  (CDC13),  6  2.50  (3H,  s)  2.78 
(3H,  s),  7.12-7.65  (7H,  m) ,  7.81  (lH,  s),  8.47  ( 1H ,  broad  s)  ,  1014 
(1H,  s).  Anal.  (C20H16C1NO)  C,H,N. 

2- (4-Chlorostyryl) -6 ,8-dimethylquinoline-4-ethylene  Oxide  ( 17 ) . 4  - 
Prepared  like  l4~  recryst  (Et20) ,  yellow,  mp  i.4l-l42°  .  Anal .  (C2iH18 

C1N0)  ,  C,H,N.  RecCtion  with  NHBu2  (140-145°,  9  hr,  under  N2)  was 
shown  tn  be  incomplete  (by  H.  R.  .Munson)  by  tic;  mass  spectrum,  m/e 
464  (3 i .  142  (CH2NHBu2). 


2- (4-Chlorostyry i)-6 , 8-dime thy lquinoline -4- ( e.-di  -n  -  but  ylaminome  thy 1 ) 
methanol •  HC1  (3)'.  -  To  NaH  'Cl.§£,  Et20-Washed)  in  DMSO  (10  ml,  70° 

1  hr),  was  added  THF  (50  ml),  cooling  to  and  maintaining  below  0°. 
TMSI  (8fj  in  DMS0(50  ml)  was  added  slowly,  then  _16  (2.^g  in  THF), 
stirring  (25°,  3  hr).  After  pouring  into  H20,  extrn  (Et20),  drying 
(Na2S04)  ,  evapn,  addn  of  NHBu2  (10  ml)  to  the  residue  (_17_)  ,  and 
heating  (l60°,  under  N2 ,  18  hr),  and  vac  evapn  of  excess  NHBu2,  the 
product  was  chromatographed  (  silica  gel,  EtOAc-CsH6).  3_*HC1  was  pptd 
by  Et20-HCl:  l.f/g  (40%),  mp  125-130°  (decomp,  requires  vac  drying). 
Anal.  C29H3qC12N20(C  ,H ,fj)  .  Nmr,  Cl  mass  spectra:  compatible. 


Derivatives  of  5 .7 -Dichloro-2  .3 -dihydro- 111-cyc  1  open ta  [h  ]quinolinc-9- 
carboxylic  Methyl.  Ester  Sj-H/o*  as  intermediates  for  synthesis  of 
antimalarials  ~““ 


3  -  ( 4  -Oh  lorobenz  /lirii no )5 ,7-d  ich  loro-2  ,5-di  hvdrocvc  lopon  t  a  [  b  7q  u  i  n  o  U  nc 
^carboxylic  Methyl  Ester  (^<?)~  A  mixture  of  g  (29.6  g),  4-CLl>hC110  “ 
(1.47  g),  dry  NaOAc  (9  g)  and  Ac20  (200  ml),  was  refluxed  (18  hr)  and 
quenched  (icc-HaO).  Stirring  (1.5  hr),  bnsif  {.cation  (50%  KOH ) 
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washing  the  precipitate  (H20,  and  EtaOj  and  crystallization  (CUC13) , 
gave  2e  g  (j_>G  a,'  ;  re  crystallized  (CHC13),  yellow  needles,  mp 
280-203°  dec;  mass  spectrum,  m/e  417  (M+,  base  peak),  416,  402,  382, 
358,  322,  298,  251,  161,  149,  144,  143,  126  .  125.  Anal..  (C21H  ,4C13 
N0a)  C,  H,  N.  A  similar  condensation  with  the  acid  of  39  was  unsuc¬ 
cessful.  The  acid  of  4p.  A  refluxing  suspension  of  ester  4o  (22  g) 
in  400  ml  of  THF  (400  ml)  to  which  was  added  7.5  g  of  KOH  ("in  200  ml 
of  H20),  after  20  hr,  was  quenched  (ice-H20);  and  acidification 
(coned  HC1),  gave  20.9  g  (98*),  recrystd  (H20-THF),  yellow,  mp  297- 
300°  dec.  Anal.  (C2oHi2Cl3N02 )  C,  H,  N. 


Bromination  of  39*  A  stirred  suspension  (12  g)  and  NaOAc  (13.5  g) 
in  AcOH  ( 10CT ml ,  50-70°)  was  treated  dropwise  (3  hr)  with  Br2  (13  g 
in  100  ml  of  -AcOH ) ,  and  (after  1  hr;  was  quenched  (ice-H20),  giving 
10.5  g  of  41-42  mixture  (separated  by  chromatographing ,  fluorisil, 
elution  wii_n  nexane  and  9:1  hexane-C6H6). 


3 ,5-Dibromo-5 .7-dichloro-2 ,5-dihydro-lH-cyclopenta [b]quinoline-9- 
carboxylic  Methyl  Ester  (41}  ;  recrystallized  (charcoal,  Et20) ,  mp 
166-168°.  Anal.  (C , 4H9B£j?:i2N0a)  C,  H,  N. 


3-Bronio- 5, 7  -  dich  loro -1H- eye  lope  nta[b]quinoline- 9 -carboxylic  Acid 
Methyl  Ester  ( 4 g)  ;  insoluble  in  Et20;  charcoaled  (C6H6 ,  reflux) ; 

0.29  g.  recrysta"llized  (C6HS),  mp  165-170°.  Anal.  (Ci4H8BrCl2N02 ) 

C,  H,  N. 

New  Comoounds  by  B.  B.  Corson.  J.  Rledmaier,  J.  Pociask  and  H. 

Koppel ,  (mo)  analyzed  (C,H,N,Br,Cl  within  ±  0.4*J?  -  19,  C15Hi5N02, 
2l( 124-125° )C16H17N0,  22 -HBr ( 195-196° dec . )CiaH17 Br2N0 ,  23(l40-l4l°) 
C16H1YN0,  24(67.5-69°)C24H38N20,  25( 192 . 5-193 . 5° )C2dH j 8N20 ,  26 
(221-225° )C2OH26N20,  27  from  26  by  £-ClPhCH0,  26/1  mlPy/pip,  80-95  , 
8  hr  ( 148 -150°  )C27H23C1N20 ;nmr"CCDCl3 )  6  7. 5-7 . 8  (m,6H)  ,  6.16,  5.70 
(dd  1H,  carbinol  C-H,  2  diastereomers )  ,  4.82(bs,lH),  2.78,  2.47  (s, 

3H  each,  CH3 ) ,  27 ,2HCl(dried ,  1mm,  2  hr,  22° )C27K29C1N20- 2HC1 (Cl , 
Cl).  2  from  24  by  £-CiPhCH0,  50/2ml  Py/pip,  100°  ( 149 . 5-153°  ).  C3iH39 
ClN20(yield  3*,  yellow ) (anal ,  nmr  compatible). 


5 ,7 -Dimethyl-4- (p-chlorobenzilidine-1 .2 .3 ,4-tetrahydroacridine- 
9- ( q-N -pi.peridinomothyT)me thanol  (o7 )  ,  by  R.  G.  Bass  and  H ,  rT 
Hir i ibedin1 1  ( Scheme  IV ) .  New  compounds  (mp)  analyzed  (C ,H,N±0. 4) . - 
28 (74-7 5°TCi bH23N02 .  23(110-111°,  yellow)Ci6Hi7NO.  30(175-177°) 
Co3H20C1NO.  31  (93-95°jCi7HigN0.  32_(l7l-172°  )C24H22C1N0.  34(198-200°) 
C21H22N20.  3JT222-2230 )C28H2 5C1N20.  36(158-160° )C25N26C12N02.  37 
(207° )C23H33C1N20.  Ir,  nmr  and  mass  spectra  were  compatible  with 
28- 37, 11  but  33_(mp  84-86°)  did  not  analyze  correctly. 


test  sample  of  2- (£-chlorostyryl)  amino- 
prepared  by  D.  A.  Shamblee  at  Robins  Co.,  Richmond, 
J.  Gillespie,  Virginia  Institute  for  Scien- 
Va .  Work  done  independently  is  here 
)  on:  synthesis  of  27  and  a  second 
synthesis  of  2  by  B.  B.  Corson,  J.  Riedmaler,  J.  Pociask  and  H.  C. 
Koppel,  Prepa7atior.s  Lab.,  Aldrich  Chemical  Co.,  Milwaukee,  Wis.» 
and  synthesis  of  by  R.  C.  Bass  and  R.  R.  iUrjiLel.de:'.,  V ;  rg i  ni.: 
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Instruments:  Thomas-Hoover  apparatus  for  mp ;  ir,  Perkin-Elmer 
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Analytical  Oar  a  on  now  CompnnQdjj 


"  Ant  imalar  Lais.  11." 

Calcd 

Pound 

J.  M.  Sanders  and  R.  E.  Lutz  — 

— a — - — \  e 

“  1 

Compd  No. 

formula 

c 

H  N  C 

H 

N 

2 

C31H3£)C1N20 

75.82 

8.00  5.70  75.64 

8.14 

5.64 

Cl 

,  7.22 

7.07 

7 

ChHjsHOs 

63.76 

6.32  6.76  64.98 

6.41 

6.75 

9 

Ci  i«9Cl2N02 

51.19 

3.51  5.43  51.35 

3.66 

5.29 

10 

Ci3H1sN04 

62.64 

6.07  5.62  62.84 

6.14 

5.40 

10-diOEt 

analog 

C15H19NO4 

64.96 

6.90  5.05  64.77 

6.95 

4.96 

11 

Ci2Hi7N03 

64.55 

7.68  6.27  64.28 

7.70 

6.02 

12 

Cl  7H21N02 

75.24 

7.80  5.16  75.50 

7.92 

5.17 

13 

C22H1SC1.N0 

75.97 

5.21  4.03  75.02 

5.22 

3.80 

14 

C23H2oC1N0 

76.34 

5.57  3.87  76.28 

5.60 

3.65 

16 

C2 1H1 4  CI3NO2 

60.24 

3.37  3.34  60.24 

3.26 

3.28 

16-acid 

C2  oH  1 2  Cl  3  NO2 

59.36 

2.99  3.46  59.52 

3.02 

3.31 

17 

Ci4H9Br2Cl2N02  37.04 

2.00  3.09  37.21 

1.97 

3.08 

JL8 

C14HaBrCl2N02 

45.03 

2.16  3.76  45.13 

2.15 

3.78 

28 

CliHgCIO 

68.58 

4.71  ---  68.37 

4.87 

— 

11 

CisHigNOs 

73.44 

7.80  5.71  73.46 

7.85 

5.66 

20 

C2oHi6C1K0 

74.65 

5.01  4.35  74.63 

5.22 

4.17 

21 

CaiHleClN0 

75.11 

5.40  4.17  71.11 

5.31 

4.01 

by  Corson 

,  Riedmaier,  Pociask,  Koppel* Compound s100f Scheme  IV. 

19 

C15H1sN02 

5.81 

5.75 

21 

C1cH17N0: 

80.3 

7.16  5.85  80.38 

7.13 

5.89 

22 

Ci6H17Br2N0 

48.15 

4.46  3.51  3.83 

3.51 

3.85 

(Br ,40.05 

39.68) 

23 

CiOHi7N0 

80.3 

7.16  5.85  79.90 

7.43 

5.45 

24 

C24H3GN20 

78.21 

9.85  7.60  78.29 

9.86 

7.63 

25 

C20^  1 1^.?0 

79.44 

6.00  9.27  80. OQ 

6.13 

9.26 

26 

9.03 

8.86 

27 

CrvHpoC 1N-0 

74.89 

6.75  6.47  74.99 

6.65 

6.45 

27-2HC1  CC7lIs0ClKrO*2HCl  Cl, Cl:  7  01,  1M.02; 

6.05, 

14.7 

By  Bass 

and  Uirj  ibcd  In,  Compounds 1  Scheme  V. 

28 

CieH23N02 

75.77 

8. 12  4.91  75.93 

8. 17 

4 . 99 

29 

Ci cHi7N0 

80.30 

7.16  5.05  80.09 

7.24 

5.74 

30 

C23HroClN0 

76.34 

5.57  3.87  76.07 

5.61 

3.71 

31 

Ci7Hi 9N0 

80.60 

7. 56  5.53  00.29 

7.46 

5.62 

32 

C24ll22ClN0 

76.69 

5.90  3.73  76.53 

5.95 

3.62 

51 

c?1h22n20 

79.21 

6.96  8.80  78.96 

7.05 

8.73 

35 

C2u1I23C1N20 

76.26 

5.71  6.35  76.23 

5.79 

6 .36 

36 

C23H2f'.NC  102 

75.61 

6.42  3.43  73.34 

6.35 

3.32 

37 

Cr3lI3:.C10N2 

75.55 

7.21  6.08  75.45 

7.29 

5 . 85 

.  /  *- 
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]_  #  Pyridyl  Ketones  by  Addition  of  Pvridyllithium  to  Carboxylic  Acids.  A  New  Synthesis  of 

L  HETEROCYCLIC  CHEMISTRY,  4,  459  (1967).  a (2-Piperidyl)-2-ary 14-quinolinemethanols  - 

D.  U\  Boykin ,  A,  B.  Patel,  R.  E.  Lutz ,  and  A.  Burger, 

2  .  a-(2-Piperi«lyI)-  and  a-(2-IN't*idvI)-2-trifluorc>inclhyl-  i-quinolincmcthanols. 
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MARTIN,  KENT  C.  NICODEMUS,  RUSSELL  J.  ROWLETT,  Je.,1*.  *  NEWTON 
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By  Robert  E.  Lutz,  James  A.  Freer30  and  Robert  S.  Murphey31* 
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American  Chemical  Society,  71,  478  (1949). 

By  Rohert  L.  Lutz  and  Rohurt  S.  Murphicy2 


10  Rinr-Chain  Tautomerism  of  a-(Ethylethanolamino)-acetoohenone 

®  *  Journal  of  the  American  Che 

ByRobkrt  K.  Lutz  and  Robkrt  H.  Jordan2 


mical  Society,  71,  9lHi  (1919). 


11  .  The  Preparation  of  4-EthyL2-inethoxv-2-phenyl- 

morpholine  |onrn.tl  of  the  American  Chemical  Society.  72,  I4«W  ( 11L‘>(D 

Hv  K'MICKT  \\  J"K1»AN'’  and  R*'ltf-KI  K.  I.PTZ 
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V III.  List  of  New  Compoun d s _ Submit* t.ed  to  WKA1R . 


A.  76  New  Aminoalcohols  for  Antimalarial  test  and  some . of  their 
2-pyridyl  ketones  and  alcohols. 


List 

No. 


15  C?~CHCHCM2WBu2*WU 

16  Q-CHCHUi^etz'HCl 


6 -Me 
8 -Me 
I  8-CF3 


6 -Me 
6 -Me 
8 -Me 
8 -Me 
6  ,8-Me2 
6  , 8  -Me  2 

8-CF3 

8-CF3 

6-hte 

8-Ne 
6, 8 -Me  2 

6 ,8 -Me  2 

6  .8 -Me  2 

6-F 

a-cF_? 


REL  AB  VJRAIR  Page  No. 

R'  Ho.  No.  No.  (Refs  p67) 


H  869  746 

H  854  719 

H  851  716 


H  819  674 

H  820  675  544 

H  865  742 

H  853  718 

H  866  743 

H  852  717 

H  8C7  744 

H  850  715 
He  842  707 

Me  85 7  734 

Me  844  709 

Me  870  760 

We  871 
Me  922 
Me  845  7 1 0 


19 - 


6 -Me 
6 -Me 
8 -Me 
8 -Me 
6  ,8 -Me  2 
6,8-Me2 
6-OMe 
6-OMe 


Me  807  662 

Me  809  664 

Me.  856  733 

Me.  858  735 

Me  817  672 

Me  818  673  Dffc'tuo 

Me  821  676  54408 

Me.  822  677  54409 


Vor  the  first  year  of  this  project  Dr,  Alfred  Burger  and  REL  divided 
personnel  and  research  supervision  while  Dr.  Burger  administered  sub¬ 
mission  of  samples  from  both  groups  to  WRAIR  under  AB  numbers  (REL 
extended  his  personal  file  for  his  group  using  REL  numbers).  After  REL 
became  sole  Principal  Investigator,  compounds  were  then  submitted  under 
REL  numbers.  Thus,  where  two  numbers  are  given,  it  is  for  an  REL  com¬ 
pound  which  had  been  submitted  during  the  first  year  to  WRAIR  and 
indexed  there  under  AD  numbers. 
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37 

39 

41 


38 

40 

42 


~> 


Q 

48  - 


51 

54 

55 

57 

59 

61 


Gt 


> 


49 

50 

52 

53 


56 

58 

60 

62 


R 


6 -Me 
6 -Me 
8 -Me 
6 ,8 -Me  2 

1  8-CF3 
:  8-CF3 
i  6 -Me 
>  6 -Me 
i  8 -Me 
|  8 -Me 
!  6,8-Me.o 
I  6 ,8 -Me 2 
|  8-CF3 
j  8-CF3 


11' 


F 

F 

F 

F 

F 

F 

F 

OMe 

OMe 

OMe 

OMe 

OMe 

OMe 

OMe 

OMe 


;  813 

814 
862 

i  823 
!  824 
I  834 
'  833 

815 
|  816 
[  860 
!  859 
i  825 
!  826 

835 
:  836 


668  ! 
669  I 
739  ! 
I  678  j 

I  679  ! 

:  689  i 
1  688  ' 
;  670  i 
1  671 
!  737 
736 
680 
681 
630 
691 


54403 

54400 
73894 

54401 
54411 


54401 

54402 
73903 
73900 

54412 

54413 

54422 

54423 


6-F 

Me 

892 

Q  5112 

8 

8-CF3 

Me 

831 

686 

54418 

j 

8-CF3 

Me 

832 

687 

54419 

x/ 

8 -Me 

Me 

857 

740 

73891 

8 -Me 

C1. 

655 

732 

73892 

9 

6,8-Me2 

Cl 

868 

745 

73898 

\ 

8-CF3 

Ci 

849 

714 

62182 

V 

6 -Me 

Cl 

808 

663 

54425 

8 

6 -Me 

Cl 

810 

665 

54427 

8 -Me 

C.  I 

864 

741 

73895 

6 ,8-Me2 

Cl 

|  829 

!  684 

54416 

1 

I 

6 ,8-Me2 

Cl 

!  830 

j  685 

|  54417  ; 

' 

| 

8-CF3 

Cl 

j  827 

:  682 

54414  ! 

i 

8-CF3 

Cl 

i  828 

j  683  ! 

54415  i 

8-CF3 

F 

| 

j 

688  | 

54420 

j  I 

1  1 

8-CF3 

F 

1 

i 

1 

684 

;  54421 

! 

V 

8 -Me 

F 

1 

!  861 

|  738 

73893 

1 

1 

!  9 

6 ,8-Me2 

F 

1  848 

i  7 13  : 

62183 

!  6 -Me 

OMe 

8  43 

1  708  ; 

62188 

6,8-Me2 

OMe 

;  846 

:  711  : 

62185 

1  8-CF3 

OMe 

;  847 

|  712  ! 

62184 

V 

-70 


8 


Mi* Mhifci 


H  ^ 


159933 


mi 


159935 


Tjt  Mj/g)  R  R  j 

!Yqj  Ta^M  a  6,8-Meg  y  953 

^iL'aCl  B  6 ,8 -Me 2  4-C1  j  947 

/  ITMrfUg 

'  B  6,8-Clg  H  954 

B-2HC1  7 -Cl  4-C1  |  948 

©  8-CF3  H  j  955 

8-CF3  4-CL  1  951 

6,8-Cl2  4-C1  '  946 

8-phenyl  4-C1  j  950 


140090 

133090 


142492 

134482 

142491 

136557 

125432 

136230 


<m 


cfh.A/zt-'2ti8r 


^•Win^Hw'hs) 
— At,**  pH  a  / 


4c^cH>r'//vu^ 

4«sjS> 

J-^^0 


-cH>  cH* 

-cn,^g>  •«« 


7  5252 


75254 


75256A 


754  I  75255 


oft  X 


x 


932 

933 

934 


115726 

115226 

115224 


R 

H 

6 -Me 
6-C1 


H 

6 .8- Me2 
6 -Cl 

6.8- Cla 

6.8- cla. 
H 

6 -Me 

6 .8 - Me 2 

6-C1 


-Me 


H 

6.8- Cla 

6.8- Cl;.. 

6.8- Me2 


940 

945 

965 

970 

973 

931 

930 

939 


938 

928 

929 


X 

Br 

Cl 

F 

OMe 


941 

952 

966 

971 


949 


932 


986 


121472 

122950 

148987 

157308 

158284 

115225 

115224 

117110 


117109 

115222 

1152?3 


121473 

140089 

149105 

157307 


135616  ' 


160991 
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COOH 


IS  -  _ 

2  Q-CGW£t 

3  Q-COA^t 

4  COcH-jSv- 

A.-  COOH - > 


10  <^COO£t 

11  c^coMe 
GKo»M 


17  C^-eo/vle 


23  Q-Cdtffr 


R-COOlf 


24  <*-C0/ne 

25  Q-cacM-tBf 


<a,-coftn 


28  Q-Co fyg 


Supplemental 
incidental  c 
R 

>  6 -Me 
6 -Me 
6 -Me 
6 -Me 
8 -Me 
6 ,8 -Me 2 
6-F 
6-OMe 
6 -Me 
6 -Me 
6 -Me 
8 -Me 
6 ,8-Me2 
6-F 
6-OMe 
6 -Me 
6 -Me 
8 -Me 
6 ,8-Me2 
6-F 
6-OMe 
6 -Me 
6 -Me 
6 -Me 
6 -Me 
8 -Me 

6 .8- Me2 

6 . 8 - Me  2 

6- OMe 
8-CF3 
8-CFj 
8-CF3 
8-CF3 
8-CF3 

R  X 

•  H  Br 

H  Cl 

7- C1  Cl 

6. 8- Cls  Cl 

6.8- Cl2  F 


List . 
ompounds 
R' 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

F 

F 

F 

F 

F 

F 

OMe 

OMe 

OMe 

OMe 

OMe 

OMe 

OMe 

OMe 

H 

Me 

Cl 

F 

OMe 


Earlier-stage  intermediates 


841  696  54439 

804  659  54432 

805  661  54434 

885  95105 

881  95102 

891  95111 

8H6  95106 

876  95097 

800  655  54428 

801  656  54429 

812  667  54436 

883  15103 

838  693  50482B 

887  95107 

882  54353 

874  95095 

811  666  54435 

889  100925 

875  95096 

894  95114 

884  95104 

802  657  54430 

803  658  54431 

805  660  54433 

890  95110 

888  95108 

837  692  54437 

893  95113 

879  95099 

880  95101 

877  95098 

839  694  45852B 

840  695  54438 

878  95100 

( 94X  96683 

942  1474 

959  147046 

958  147046 

978  15961 

i  873  95094 


160987 


-75- 

42 


COOH 


913 


109930 


R 


6-8 


R2-3 


-75- 


44 

45 

46 

47 

48 

49 

50 
foA 


^  43  Q-COOEt 

7-C1  H 

7 -Cl  2-COOH 

6,8-Cl2  Cl 

7-F  H 

7-CF3  H 

7- CF3  2-COOH 

8- CF3  H 

t-CT?  £~C  oOH 


7-Br 


7-Rr 


H 


H 


921 

919 

920 
927 
918 
916 
915 
917 
°[  iM 


109929 

061942 

109221 

115221 

109933 

109923 

109922 

109920 


51 

52 

53 

54 

55 

56 


B 

B 


57  C°°ct 

% 


* 

6,8-Cla 
6  ,8 -Me 2 
6-OMe 

8  “CF  3 

8-CF3  ( 4-OH  form}) 
8 -phenyl 


mp  183-185° 
mp  258-260° 


963 
962 

964 

148986 

50045 

67704 

960 
926 

961 

*> 

85308 

85308 

148985 

981 

159935 

980 

159934 

968 
1  967 

153180 

153179 

27  5 


27 
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1 19  i:  (Continued) 

Vfl  2 -Trifluororoe thy  1  - 4-quinblinerne  thanol  s 


V%,  \y./v*;,iV 


^  i  ■■  y\‘~0  •/.  ; 

it/  ••-  i ’ J V-  ^ .  -■ 

•  Bis-trif  luoromethy  1-4-quinolinemethanls  ■, ■■'•  sr 

,!;•  2- (N-p-chloroanilino)  -/i-quinolinercethanols  ;'•//  1  : 


‘,-i  Note: |\  In' the 'above ,  aminoalcohols  may'  be  substituted  for 
‘  <:  ,!  '  ''methanols'^  .;  ;;k ■jbj’y  ,•  - ..: '  ; 

[20:  (Continued)  •  l.',  K  /  '  $*','■  if 

of  P.  fa lciparum  in  man,  with j phototoxicity J inconsequential;  /' 

(1)  Nineteen  new  2-ary 1-4-quinoline  aminoalcchols  proved 
highly  active  and  curative  against  P;  berghei  but:  were  phototoxic 

.,in  animals.,.  ..  .  ,••:  v.v{:-  U-  ,;y»’n }.»;(!,  •  «...  ;  V  ,wVb./ •  v';,  • 

(2)  Ten  2-CF3  derivatives .showed  moderate  antimalarial 

■activities;  and  four  6, 8-bis-CF3  analogs  were  highly  curative  and 
non-phototoxic.  The  2,8-bis-CF3  compound  proved  highly  success¬ 
ful'  in  man.  '  •  ••  »•  ]■■■  •■ 

(3)  Shifting  the  aminoalcohol  chain  from  quinoline  position-j 
4  to  3  was  ineffective  in  eight  compounds  without  a  2-aryl 

(4)  Twelve  6-benzothiazole  aminoalcohols  proved  ineffective.] 

(5)  Twelve  4-quinoline  aminoalcohols  carrying  2-p-substi- 

tuted-phenoxy  or  2- (N-pCl-anilino) ,  where  nuclear  through-conju¬ 
gation  is  interrupted  by  the  heteroelement,  were  curative  but 
phototoxic  in  animals.  >•',  "  j . '  ••  / 

(6)  Four  2-aryl-quinoli.ne  aminoalcohols  carrying  Cl,  Br,  F, 

or  OMe  in  the  3-position  (to  sterically  interfere  with  the 
nuclear  planarity  and  through-conjugation),  showed  high  curativity 
but  were  phototoxic.  ‘ 

(7)  The  6 ,8-dichloro-4-quinoline  aminoalcohol  with  a  2,3- 
trimethylene  fused  ring  proved  to  be  moderately  active  and  non¬ 
phototoxic.  The  6,8-Me2  analog  with  £ClPhCH=  at  the  2-CH2  group, 
is  a  2-vinylog  of  the  2-aryl-4-quinoline  aminoalcohols,  and  it 
carries  the  £-chlorostyryl  group  at  the  quinoline  position-2  and 
extruding  as  a  part  of  the  rigid  2 ,3-tricarbon  fused  ring.  This 
was  highly  curative  in  spite  of  the  relatively  poor  auxopharmo- 
cophoric  quality  of  the  S ,8-dimethyls .  It  was  non-phototoxic  in 
animals . 

The  supposed  alpha-piperidyl  analog  (Corson,  Aldrich  Chem. 
Co.)  made  through  a  last  step  condensation  of  the  secondary- 
amino  alcohol  with  £ClPhCHO,  is  now  shown  to  be  the  oxazolidine. 
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